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PREFACE 


This  volume  completes  the  series  of  four  Handbooks  of  the 
National  Bureau  of  Standards  designed  to  present  in  compact 
form  comprehensive  information  relative  to  weights  and  measures 
regulatory  activities.  Current  editions  of  the  other  three  handbooks 
of  this  series  are  Handbook  H26,  Weights  and  Measures  Admin¬ 
istration,  published  in  1941  and  superseding  Handbook  Hll  of  the 
same  title;  Handbook  H37,  Testing  of  Weighing  Equipment,  pub¬ 
lished  in  1945;  and  Handbook  H44,  Specifications,  Tolerances,  and 
Regulations  for  Commercial  Weighing  and  Measuring  Devices, 
published  in  1949,  and  superseding  several  earlier  publications 
issued  under  similar  titles.  Handbook  H26  treats  of  the  general 
aspects  of  the  subject  of  weights  and  measures  administration. 
Handbook  H37  describes  various  types  of  scales  and  weights,  dis¬ 
cusses  the  principles  of  their  operation,  and  presents  methods  for 
their  inspection  and  test.  Handbook  H44  presents  the  codes  of 
specifications,  tolerances,  and  regulations  for  commercial  weights 
and  measures  and  weighing  and  measuring  devices,  adopted  by 
the  National  Conference  on  Weights  and  Measures  and  recom¬ 
mended  by  the  National  Bureau  of  Standards  for  State  promul¬ 
gation.  Necessarily,  the  Handbook  of  specifications,  tolerances, 
and  regulations  is  issued  periodically  in  order  to  present  up-to-date 
information,  incorporating  the  changes  made  from  time  to  time  by 
the  National  Conference. 

The  present  volume  deals  with  commercial  measures  and  meas¬ 
uring  devices,  and  includes  descriptions  of  these  instruments, 
recommendations  for  the  testing  apparatus  needed  for  their  of¬ 
ficial  examination,  and  instructions  for  their  inspection  and  test¬ 
ing  by  weights  and  measures  officials.  This  Handbook  is  a  com¬ 
panion  volume  to  Handbook  H37;  taken  together,  these  two 
Handbooks  are  intended  to  provide  practical  instructions  to 
weights  and  measures  officials  for  the  inspection  and  testing  of  all 
of  the  types  of  commerical  weighing  and  measuring  devices  which 
such  officials  are  normally  called  upon  to  examine.  As  was  done 
in  Handbook  H37,  the  present  volume  includes  step-by-step  testing 
outlines  which  supplement  the  several  discussions  on  testing  pro¬ 
cedures.  Also  included,  in  the  first  three  chapters,  are  some  gen¬ 
eral  comments  relative  to  inspection  and  testing,  which  are  appli¬ 
cable  to  all  classes  of  commercial  devices. 

It  is  inevitable  that  the  weights  and  measures  official  will  en¬ 
counter  in  the  course  of  his  official  duties  measures  or  measuring 
devices  which  differ  from  the  general  types  treated  herein.  It  is 
believed,  however,  that  no  difficulty  should  be  experienced  in  adapt¬ 
ing  to  practically  any  variation  from  the  general  type,  the  basic 
principles  which  are  outlined,  and  in  modifying  appropriately  the 
testing  outlines  which  are  presented. 

It  is  desired  to  acknowledge  the  valuable  assistance  rendered 
by  members  of  the  staff  of  the  National  Bureau  of  Standards  in 
reviewing  portions  of  the  text  of  this  Handbook  that  relate  to 
their  special  fields.  Similar  assistance  has  been  rendered  by  numer- 
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ous  representatives  of  equipment  manufacturers  and  industry, 
and  this  assistance  is  gratefully  acknowledged.  The  courtesy  of 
those  individuals  and  organizations  who  have  supplied  photo¬ 
graphic  material  and  who  have  permitted  reproduction,  in  whole 
or  in  part,  of  equipment  drawings,  is  greatly  appreciated.  The 
collaboration  of  W.  S.  Bussey  and  M.  J.  J.  Harrison,  each  of  whom 
has  reviewed  the  entire  manuscript  and  offered  many  valuable 
suggestions,  is  especially  acknowledged. 

Although  this  Handbook  has  been  prepared  primarily  for  use 
by  weights  and  measures  officials  of  the  States,  counties,  and  cities, 
it  is  believed  that  much  of  the  information  presented  will  be  useful 
to  persons  employed  by  commercial  and  industrial  establishments 
in  the  maintenance  of  measuring  equipment. 


E.  U.  Condon,  Director. 
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Testing  of  Measuring  Equipment 

Ralph  W.  Smith 

A  manual  for  State  and  local  weights  and  measures 
officials,  describing  various  types  of  commercial  measur¬ 
ing  equipment,  the  principles  of  their  operation,  and 
methods  for  their  inspection  and  test. 


Chapter  1.— INTRODUCTION 

Scope  of  Handbook. — This  Handbook  is  directed  pri¬ 
marily  to  procedures  recommended  for  use  by  weights 
and  measures  officials  when  exercising  their  routine  regu¬ 
latory  controls  over  commercial  measuring  equipment. 
Accordingly,  recommendations  are  conditioned  upon  the 
special  characteristics  of  regulatory  control  as  distin¬ 
guished  from  commercial  or  industrial  maintenance  serv¬ 
ice,  and  the  limitations  under  which  weights  and  measures 
organizations  are  normally  required  to  operate,  particu¬ 
larly  budgetary  limitations,  have  been  kept  in  mind. 
Testing  procedures  recommended  are,  in  general,  the 
minimum  requirements  considered  necessary  to  enable 
the  official  to  determine  whether  or  not  equipment  should 
be  approved  for  commercial  use.  More  exhaustive  tests 
than  those  specified  are  frequently  desirable ;  minimum 
procedures  should  be  expanded  to  whatever  extent  is 
deemed  by  the  official  to  be  appropriate,  whenever  special 
conditions  or  circumstances  indicate  the  advisability  of 
this. 

Uniformity  of  Requirements. — Recommendations  here¬ 
in  are  based  upon  the  codes  of  specifications,  tolerances, 
and  regulations  for  commercial  devices  as  adopted  by  the 
National  Conference  on  Weights  and  Measures  and  rec¬ 
ommended  by  the  National  Bureau  of  Standards  for 
State  promulgation.1  Whenever  reference  is  made  to  speci¬ 
fications,  tolerances,  or  regulations,  the  National  Con¬ 
ference  material  is  meant  unless  the  contrary  is  stated. 

Weights  and  measures  jurisdictions  are  urged  to  pro- 

1  These  codes  are  currently  published  in  National  Bureau  of  Standards  Hand¬ 
book  H44,  Specifications,  Tolerances,  and  Regulations  for  Commercial  Weighing 
and  Measuring  Devices  (1949). 
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mulgate  and  adhere  to  the  National  Conference  codes, 
to  the  end  that  uniform  requirements  may  be  in  force 
throughout  the  country.  This  action  is  recommended  even 
though  a  particular  jurisdiction  does  not  wholly  agree 
with  every  detail  of  the  National  Conference  codes.  Uni¬ 
formity  of  specifications  and  tolerances  is  an  important 
factor  in  the  manufacture  of  commercial  equipment. 
Deviations  from  standard  designs,  to  meet  the  special 
demands  of  individual  weights  and  measures  jurisdic¬ 
tions,  are  expensive,  and  any  increase  in  costs  of  manu¬ 
facture  is,  of  course,  passed  on  to  the  purchaser  of  equip¬ 
ment.  On  the  other  hand,  if  designs  can  be  standardized 
by  the  manufacturer  to  conform  to  a  single  set  of  techni¬ 
cal  requirements,  production  costs  can  be  kept  down,  to 
the  ultimate  advantage  of  the  general  public.  Moreover, 
it  seems  entirely  logical  that  equipment  which  is  suitable 
for  commercial  use  in  the  “specification”  States  should 
be  equally  suitable  for  such  use  in  other  States. 

Another  consideration  supporting  the  recommendation 
for  uniformity  of  requirements  among  weights  and  meas¬ 
ures  jurisdictions  is  the  cumulative  and  regenerative 
effect  of  the  widespread  enforcement  of  a  single  standard 
of  design  and  performance.  The  enforcement  effort  in 
each  jurisdiction  can  then  reinforce  and  support  the  en¬ 
forcement  effort  in  all  other  jurisdictions.  More  effective 
regulatory  control  can  be  brought  about,  and  this  result 
can  actually  be  realized  with  less  individual  effort,  under 
a  system  of  uniform  requirements,  than  under  a  system 
in  which  even  minor  deviations  from  standard  practice 
are  introduced  by  independent  State  action. 

Since  the  National  Conference  codes  represent  the  ma¬ 
jority  opinion  of  a  large  and  representative  group  of  ex¬ 
perienced  regulatory  officials,  and  since  these  codes  are 
recognized  by  equipment  manufacturers  as  their  basic 
guide  in  the  design  and  construction  of  commercial  weigh¬ 
ing  and  measuring  equipment,  the  acceptance  and  promul¬ 
gation  of  these  codes  by  each  State  is  strongly  recom¬ 
mended. 

Testing  procedures  presented  in  this  Handbook  are 
commended  to  the  consideration  of  commercial  and  in¬ 
dustrial  testing  organizations  as  minimal  procedures.  If 
these  are  observed  by  the  inspectors  and  service  and 
maintenance  men  of  equipment  manufacturers  and  users, 
there  should  always  be  satisfactory  agreement  between 
their  test  results  and  those  of  the  regulatory  officials. 
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Tolerances  for  Commercial  Equipment. — The  official 
tolerances  prescribed  by  a  weights  and  measures  juris¬ 
diction  for  commercial  equipment  are  the  limits  of  inac¬ 
curacy  officially  permissible  within  that  jurisdiction.  It 
is  recognized  that  errorless  value  or  performance  of 
mechanical  equipment  is  unattainable.  Tolerances  are  es¬ 
tablished,  therefore,  to  fix  the  range  of  inaccuracy  within 
which  equipment  will  be  officially  approved  for  commer¬ 
cial  use.  In  the  case  of  classes  of  equipment  on  which  the 
magnitude  of  the  errors  of  value  or  performance  may  be 
expected  to  increase  as  a  result  of  use,  two  sets  of  toler¬ 
ances  are  established,  “acceptance”  tolerances  and  “main¬ 
tenance”  tolerances.  Acceptance  tolerances  are  applied  to 
new  or  newly  reconditioned  or  adjusted  equipment  and 
are  smaller  than  (usually  one-half  of)  the  maintenance 
tolerances.  Maintenance  tolerances  thus  provide  an  ad-  6 
ditional  range  of  inaccuracy  within  which  equipment  will 
be  approved  on  subsequent  tests,  permitting  a  limited 
amount  of  “deterioration”  before  the  equipment  will  be 
officially  rejected  for  inaccuracy,  and  before  recondition¬ 
ing  or  adjustment  will  be  required.  In  effect,  there  is  as¬ 
sured  a  reasonable  period  of  service  for  equipment  after 
it  is  placed  in  service  before  reconditioning  will  be  of¬ 
ficially  required.  The  foregoing  comments  do  not  apply, 
of  course,  when  only  a  single  set  of  tolerance  values  is 
established,  as  is  the  case  with  such  equipment  as,  for 
example,  glass  milk  bottles  and  graduates,  which  maintain 
their  original  accuracy  regardless  of  use,  and  measure- 
containers,  which  are  used  only  once. 

When  tables  of  tolerances  for  general  weights  and 
measures  use  are  published,  it  is  customary  to  use  the 
maintenance  tolerances  for  the  tabular  values,  stating  the 
values  of  the  acceptance  tolerances — if  these  are  different 
— in  terms  of  the  maintenance  tolerances ;  this  is  done  for 
convenience  of  reference  by  the  official,  since  it  is  to  be 
expected  that  he  will  actually  make  many  more  mainte¬ 
nance  tests  than  acceptance  tests  and  so  will  have  more 
frequent  need  to  use  maintenance  tolerances  than  he  will 
to  use  acceptance  tolerances. 

The  theory  of  tolerances  is  that  their  values  are  so 
fixed  that,  on  the  one  hand,  permissible  errors  are  kept 
so  small  that  neither  party  to  a  commercial  transaction 
involving  the  equipment  in  question  will  be  seriously 
injured,  and  that,  on  the  other  hand,  such  a  high  order 
of  accuracy  is  not  required  as  to  make  manufacturing  or 
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maintenance  costs  disproportionately  high.  Quite  obvi¬ 
ously,  the  equipment  manufacturer  must  know  what 
tolerances  his  product  will  be  required  to  meet,  so  that  he 
can  manufacture  economically.  The  commercial  product 
must  be  required  to  be  good  enough  to  satisfy  commercial 
needs,  but  it  should  not  be  required  to  be  made  unreason¬ 
ably  costly,  complicated,  or  delicate  in  order  to  insure  a 
reduction  of  its  errors  to  unnecessarily  small  values.  It 
follows  that  manufacturing  is  simplified  and  that  the  level 
of  equipment  prices  is  lowered  in  proportion  to  the  degree 
of  uniformity  among  weights  and  measures  jurisdictions 
in  their  tolerance  requirements  and  in  their  specifications 
for  commercial  devices. 

In  the  preceding  discussion  of  tolerances  for  commer¬ 
cial  equipment,  there  have  been  set  forth  reasons  for  the 
establishment  of  uniform  tolerances,  and  for  the  uniform 
observance  of  such  tolerances  by  weights  and  measures 
officials.  But  there  is  another  aspect  of  tolerances  which 
merits  careful  thought;  this  is  the  extent  to  which  toler¬ 
ances  should  be  considered  by  those  persons  engaged  in 
the  actual  adjustment  for  accuracy  of  commercial  equip¬ 
ment.  The  ideal  situation  would  be  for  equipment  to  be 
without  error.  Since  it  is  not  practical  to  require  errorless 
value  or  performance,  a  reasonable  approximation  of  this 
is  fixed  for  enforcement  purposes.  But,  when  equipment 
is  being  adjusted  for  accuracy,  either  initially  or  follow¬ 
ing  repair  or  official  rejection,  the  effort  should  be  to 
adjust  as  closely  as  practicable  to  zero  error.  Tolerances 
are  primarily  accuracy  criteria  for  use  by  the  regulatory 
official.  Equipment  owners  should  never  be  permitted  to 
take  advantage  of  tolerances  by  deliberately  adjusting 
their  equipment  to  have  a  value  or  to  give  performance  at 
or  close  to  the  tolerance  limit.  Nor  should  the  repair  or 
service  man  be  permitted  to  bring  equipment  merely 
within  tolerance  range  when,  by  the  exercise  of  reason¬ 
able  skill  and  with  the  expenditure  of  a  reasonable  amount 
of  time  and  effort,  adjustment  closer  to  zero  error  can  be 
accomplished.2 

Testing  Apparatus. — It  is  axiomatic  that  tests  can  be 
made  properly  only  if,  among  other  things,  adequate  test¬ 
ing  apparatus  is  available.  Testing  apparatus  may  be 
considered  adequate  only  when  it  is  properly  designed  for 

2  The  National  Conference  on  Weights  and  Measures  has  now  adopted  General 
Regulation  G-R.4.,  to  the  effect  that  whenever  equipment  is  adjusted,  the  adjust¬ 
ments  shall  be  so  made  as  to  bring  errors  as  close  as  practicable  to  zero  value. 


Introduction 


5 


its  intended  use,  when  it  is  so  constructed  that  it  will 
retain  its  characteristics  for  a  reasonable  period  under 
conditions  of  normal  use,  when  it  is  available  in  denomi¬ 
nations  appropriate  for  a  proper  determination  of  the 
value  or  performance  of  the  commercial  equipment  under 
test,  and  when  it  is  accurately  calibrated. 

In  subsequent  chapters  recommendations  will  be  made 
relative  to  the  design  and  construction  characteristics  and 
the  amount  of  testing  apparatus  considered  necessary  for 
testing  various  classes  of  commercial  measuring  equip¬ 
ment.  With  respect  to  the  factor  of  accuracy,  however, 
the  general  comments  which  follow  apply  to  testing  equip¬ 
ment  of  whatsoever  kind,  and  will  not  be  repeated  in  the 
chapters  devoted  to  particular  classes  of  equipment. 

A  general  principle  which  has  long  been  recognized  by 
the  National  Bureau  of  Standards  is  that  the  error  on  a 
standard  used  by  a  weights  and  measures  official  should 
either  be  known  and  corrected  for  when  the  standard  is 
used  or,  if  the  standard  is  to  be  used  “without  correc¬ 
tion”,  its  error  should  be  not  greater  than  25  percent  of 
the  smallest  tolerance  to  be  applied  when  the  standard 
is  used.  The  reason  for  this  is  to  keep  at  a  minimum  the 
proportion  of  the  tolerance  on  the  item  being  tested  which 
will  be  “used  up”  by  the  error  of  the  standard.  Expressed 
differently,  the  reason  is  to  give  the  item  being  tested  as 
nearly  as  practicable  the  full  benefit  of  its  own  tolerance. 

Field  testing  operations  are  complicated  to  some  de¬ 
gree  when  corrections  to  standards  are  applied,  and  ex¬ 
cept  for  work  of  relatively  high  precision  it  is  recom¬ 
mended  that  the  accuracy  of  standards  used  in  testing 
commercial  weighing  and  measuring  equipment  be  so 
established  and  maintained  that  the  use  of  corrections  is 
not  necessary.  Also,  whenever  it  can  readily  be  done,  it 
will  be  desirable  to  reduce  the  error  on  a  standard  below 
the  25-percent  point  previously  mentioned. 

'  At  the  National  Bureau  of  Standards  various  “classes” 
have  been  established  for  standards  of  mass,  appropriate 
tolerances  being  specified  for  each  class.  This  system  of 
“classes”  has  not  been  extended  to  standards  of  measure, 
but  tolerances  have  been  fixed  by  the  Bureau  for  stand¬ 
ards  of  length  and  capacity  considered  suitable  for  use 
by  weights  nad  measures  officials.  These  tolerances,  meth¬ 
ods  of  calibration  and  computation,  and  the  use  of  “cor¬ 
rections”  will  be  fully  treated  in  a  forthcoming  Circular 
of  the  National  Bureau  of  Standards;  when  issued,  this 
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Circular  should  be  obtained  by  every  weights  and  meas¬ 
ures  jurisdiction  and  kept  available  for  reference. 

The  accuracy  of  testing  apparatus  should  invariably 
be  verified  prior  to  the  official  use  of  the  apparatus. 
Standards  should  be  reverified  as  often  as  circumstances 
require.  By  their  nature,  metal  volumetric  standards  are 
more  susceptible  to  damage  in  handling  than  are  stand¬ 
ards  of  some  other  types.  Whenever  damage  to  a  standard 
is  known  or  suspected  to  have  occurred,  and  whenever 
repairs  which  might  affect  the  accuracy  of  a  standard 
have  been  made,  the  standard  should  be  recalibrated. 
Routine  recalibration  of  standards,  particularly  volumet¬ 
ric  standards,  even  when  a  change  of  value  is  not  antic¬ 
ipated,  should  be  made  with  sufficient  frequency  to  es¬ 
tablish  the  fact  of  their  continued  accuracy,  so  that  the 
official  may  always  be  in  an  unassailable  position  with 
respect  to  the  accuracy  of  his  testing  apparatus.  If  use  is 
made  of  “secondary”  standards,  such  as  special  fabric 
testing  tapes  or  mechanisms  such  as  fluid  meters,  these 
should  be  verified  much  more  frequently  than  such  basic 
standards  as  steel  tapes  or  volumetric  provers,  to  demon¬ 
strate  their  constancy  of  value  or  performance. 

It  may  be  appropriate  to  mention  here  the  lack  of  at¬ 
tention  to  the  accuracy  of  their  standards  shown  by  some 
repair  and  service  men  and  by  some  weights  and  meas¬ 
ures  officials,  and  the  inadequate  amount  of  testing  ap¬ 
paratus  with  which  service  men  and  officials  are  some¬ 
times  provided.  Accurate  and  dependable  results  can  not 
be  obtained  with  faulty  or  inadequate  standards,  and  if 
either  service  man  or  official  is  poorly  equipped  it  can 
not  be  expected  that  their  results  will  check  consistently. 
Disagreements  between  service  men  and  officials  can  be 
avoided,  and  the  servicing  of  commercial  equipment  can 
be  expedited  and  improved,  if  service  men  and  officials 
will  give  equal  attention  to  the  adequacy  and  maintenance 
of  their  testing  apparatus. 

General. — In  chapter  2  there  are  presented  some  gen¬ 
eral  observations  on  the  inspection  of  commercial  equip¬ 
ment  as  distinguished  from  the  testing  of  this  equip¬ 
ment;  in  general,  the  recommendations  made  are  ap¬ 
plicable  to  the  inspection  of  all  classes  of  commercial  de¬ 
vices.  Similarly,  in  chapter  3  the  general  subjects  of  the 
adjustment,  the  rejection,  and  the  sealing  of  commercial 
equipment  are  discussed,  and  there  again  the  recommen- 
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dations  are  generally  applicable  to  all  classes  of  commer¬ 
cial  equipment. 

Informative  records  should  be  maintained  of  all  official 
inspections  and  tests.  From  time  to  time  in  later  chapters 
comment  will  be  made  on  data  appropriate  for  entry  on 
official  reports  and  records.  For  a  general  discussion  of  a 
system  of  weights  and  measures  records,  the  official  is 
referred  to  NBS  Handbook  H26,  chapters  30  and  31. 

Beginning  with  chapter  4,  there  are  presented  discus¬ 
sions  of  testing  procedures  for  the  various  classes  of 
commercial  measuring  equipment  for  which  final  codes 
are  published  in  NBS  Handbook  H44;  a  chapter  is  de¬ 
voted  to  each  such  class,  and  the  order  of  treatment  is 
the  same  as  that  in  H44.  (The  concluding  chapter  gives 
references  to  sources  of  information  on  meters  for  which 
there  are  no  codes  in  H44).  The  treatment  in  each  case 
includes  as  much  description  of  the  measuring  equipment 
under  consideration  as  is  deemed  necessary  for  an  un¬ 
derstanding  of  its  use  or  operation,  so  that  the  reasons 
for  the  recommended  testing  procedure  may  be  apparent. 
In  certain  cases  there  will  be  mentioned  some  of  the  im¬ 
portant  points  to  be  checked  when  inspecting  the  equip¬ 
ment. 

Whenever  it  is  believed  that  the  reading  or  study  of 
supplementary  material  will  be  helpful  to  an  understand¬ 
ing  of  a  particular  discussion  herein,  such  material  will 
be  cited  as  “References”  at  the  end  of  the  chapter  carry¬ 
ing  that  discussion. 
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Chapter  2.— INSPECTION  OF  MEASURING 

EQUIPMENT 

Inspection  and  Testing. — A  distinction  may  be  made 
between  the  “inspection”  and  the  “testing”  of  commercial 
equipment,  which  should  be  useful  in  differentiating  be¬ 
tween  the  two  principal  groups  of  official  requirements — 
“specifications”  and  “performance  requirements”.  Al¬ 
though  frequently  the  term  “inspection”  is  loosely  used  to 
include  everything  which  the  official  has  to  do  in  connec¬ 
tion  with  commercial  equipment,  it  is  useful  to  limit  the 
scope  of  that  term  primarily  to  examinations  made  to 
determine  compliance  with  the  requirements  of  specifica¬ 
tions.  The  term  “testing”  may  then  be  limited  to  those 
operations  carried  out  to  determine  the  accuracy  of  value 
or  performance  of  the  equipment  under  examination,  by 
comparison  with  the  actual  physical  standards  of  the 
official.  These  two  terms  will  be  used  herein  in  the  limited 
senses  defined. 

Necessity  for  Inspection. — It  is  not  enough  merely  to 
determine  that  the  errors  of  equipment  do  not  exceed  the 
appropriate  tolerances.  Specification  requirements  may 
be  equally  as  important  as  are  tolerance  requirements, 
and  both  should  be  enforced.  Inspection  is  particularly 
important,  and  should  be  carried  out  with  unusual  thor¬ 
oughness,  whenever  the  official  examines  a  type  of  equip¬ 
ment  not  previously  encountered.  This  is  the  way  the  offi¬ 
cial  learns  whether  or  not  the  design  and  construction  of 
the  device  conform  to  the  specification  requirements.  But 
even  a  type  of  device  with  which  the  official  is  thoroughly 
familiar  and  which  he  has  previously  found  to  be  in 
agreement  with  the  specifications  should  not  be  accepted 
entirely  “on  faith”.  Some  part  may  have  become  dam¬ 
aged,  or  some  detail  of  design  may  have  been  changed 
by  the  manufacturer,  or  the  owner  or  operator  may  have 
removed  an  essential  element  or  made  an  objectionable 
addition.  Such  conditions  may  be  learned  only  by  inspec¬ 
tion.  Some  degree  of  inspection  is,  therefore,  an  essen¬ 
tial  part  of  the  official  examination  of  every  piece  of 
measuring  equipment. 

Specification  Requirements . — A  thorough  knowledge  by 
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the  official  of  the  specification  requirements  is  a  prereq¬ 
uisite  to  competent  inspection  of  equipment.  The  inex¬ 
perienced  official  should  have  his  specifications  before  him 
when  making  an  inspection,  and  should  check  the  require¬ 
ments  one  by  one  against  the  equipment  itself ;  otherwise 
some  important  requirement  may  be  overlooked.  As  ex¬ 
perience  is  gained,  the  official  will  become  progressively 
less  dependant  on  “the  book”,  until  finally  observance  of 
faulty  conditions  becomes  almost  automatic,  and  the  time 
and  effort  required  to  do  the  inspecting  are  reduced  to 
a  minimum.  The  printed  specifications,  however,  should 
always  be  available  for  reference,  to  refresh  the  official’s 
memory  or  to  be  displayed  to  support  his  decisions,  and 
they  are  an  essential  item  of  his  kit. 

It  will  not  be  inappropriate  to  remind  officials  and 
others  who  are  using  the  National  Conference  codes  that 
the  specification  requirements  for  a  particular  class  of 
equipment  are  not  all  to  be  found  in  the  separate  code 
for  that  class.  The  requirements  of  the  General  Code  ap¬ 
ply,  in  general,  to  all  classes  of  equipment,  and  these 
must  always  be  considered  in  combination  with  the  re¬ 
quirements  of  the  appropriate  separate  code  to  arrive  at 
the  total  of  the  requirements  applicable  to  a  piece  of  com¬ 
mercial  equipment. 

General  Considerations. — The  simpler  the  commercial 
device  the  fewer,  generally  speaking,  are  the  specification 
requirements  affecting  it  and  the  easier  and  quicker  can 
an  adequate  inspection  be  made.  As  a  device  increases  in 
complexity,  inspection  demands  more  and  more  time  and 
effort;  moreover,  inspection  becomes  increasingly  impor¬ 
tant  as  mechanical  complexity  increases,  because  the  op¬ 
portunities  for  the  existence  of  faulty  conditions  are  mul¬ 
tiplied.  It  is  on  the  relatively  complex  device,  too,  that 
the  unscrupulous  operator  is  most  apt  to  attempt  some 
modification  to  gain  an  advantage  to  which  he  is  not  law¬ 
fully  entitled.  Of  course,  not  every  modification  made  by 
an  operator  is  made  with  dishonest  intentions ;  but  some¬ 
times  a  change  is  made  innocently  enough  but  with  most 
unfortunate  results,  because  the  operator  does  not  thor¬ 
oughly  understand  his  equipment  and  so  fails  to  appre¬ 
ciate  the  effects  of  what  seems  to  him  to  be  a  simple  and 
desirable  modification.  So  it  behooves  the  official  to  be 
alert  to  discover  all  of  the  “homemade”  alterations  which 
may  be  made  to  commercial  equipment,  in  order  that  he 
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may  cause  the  elimination  of  all  that  are  fraudulent,  all 
that  facilitate  or  are  conducive  to  the  perpetration  of 
fraud,  and  all  that  are  otherwise  objectionable  from  a 
weights  and  measures  viewpoint. 

It  is  essential  for  the  official  to  know  how  a  particular 
commercial  device  is  normally  designed  and  constructed, 
in  order  to  discover,  upon  inspection,  deviations  from 
standard  practice.  Such  knowledge  can  be  obtained  from 
the  catalogues  and  advertising  literature  of  manufac¬ 
turing  plants,  from  observation  of  the  operations  per¬ 
formed  by  service  men  when  reconditioning  equipment  in 
the  field,  and  from  study  of  the  commercial  devices  them¬ 
selves.  Furthermore,  to  determine  the  effect  of  some  de¬ 
viation  from  accepted  design,  the  official  must  know  the 
operating  principles  of  the  device  in  question  and  be  able 
to  deduce  or  demonstrate  how  these  are  or  may  be  vio¬ 
lated  by  the  alteration  of  the  original  mechanism.  Much 
helpful  information  on  the  design  and  operating  charac¬ 
teristics  of  commercial  equipment  can  be  obtained  from 
the  trained  service  mechanics  and  from  the  engineers  of 
the  equipment  manufacturers;  it  is  recommended  that 
officials  take  advantage  of  every  opportunity  to  “talk 
shop”  with  such  men  and  so  add  to  their  knowledge  of 
the  construction  and  operation  of  measuring  equipment 
of  different  kinds  and  makes. 

Inspection  should  be  extended  beyond  the  measuring 
instrument  itself  to  include  any  auxiliary  equipment  the 
performance  of  which  has  a  bearing  on  the  measuring 
characteristics  of  the  instrument  under  examination  or 
has  any  weights  and  measures  significance  in  relation  to 
the  operation  of  the  instrument  under  examination.  Gen¬ 
eral  conditions  external  to  the  equipment  should  likewise 
be  observed,  to  learn  any  adverse  effects  which  they  may 
have,  from  the  weights  and  measures  point  of  view,  upon 
the  installation  as  a  whole. 

It  is  important  not  only  that  required  elements  of  a 
measuring  instrument  be  provided,  but  that  these  be  in 
proper  condition  to  function  as  intended.  Inspection  will 
frequently  disclose  the  need  for  maintenance  work  before 
deterioration  has  progressed  to  the  point  of  failure  or 
before  official  rejection  of  the  equipment  becomes  neces¬ 
sary.  Mechanical  parts  may  be  worn  or  weakened.  Leaks 
may  be  developing  in  volumetric  equipment.  Certain  ele¬ 
ments  may  be  in  need  of  cleaning  or  refinishing.  Evidence 
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may  be  found  of  poor  general  maintenance  which  is  short¬ 
ening  the  useful  life  of  the  equipment. 

Misuse  of  Equipment. — Inspection,  coupled  with  judi¬ 
cious  inquiry,  will  sometimes  disclose  that  equipment  is 
being  improperly  used,  either  through  ignorance  of  the 
proper  method  of  operation  or  because  some  other  method 
is  preferred  by  the  operator.  Equipment  should  be  oper¬ 
ated  only  in  the  manner  which  is  obviously  indicated  by 
its  construction  or  which  is  indicated  by  instructions  on 
the  equipment,  and  operation  in  any  other  manner  should 
be  prohibited. 

Recommendations. — A  comprehensive  knowledge  of 
each  installation  will  enable  the  official  to  make  construc¬ 
tive  recommendations  to  the  equipment  owner  regarding 
proper  maintenance  of  his  measuring  devices  and  the 
suitability  of  his  equipment  for  the  purposes  for  which 
it  is  being  used  or  for  which  it  is  proposed  that  it  be 
used.  Such  recommendations  are  always  in  order  and 
may  be  very  helpful  to  an  owner.  The  official  will,  of 
course,  carefully  avoid  partiality  toward  or  against  equip¬ 
ment  of  specific  makes,  and  will  confine  his  recommenda¬ 
tions  to  points  upon  which  he  is  qualified,  by  knowledge 
and  experience,  to  make  suggestions  of  practical  merit. 

Inspection  will  often  provide  clues  to  the  causes  of 
faulty  performance  of  equipment,  thus  enabling  the  of¬ 
ficial  to  make  specific  suggestions  for  the  reconditioning 
of  rejected  devices.  Such  suggestions,  based  upon  a  care¬ 
ful  diagnosis,  can  be  of  material  assistance  to  an  equip¬ 
ment  owner,  and  may  effect  a  saving  of  time  and  money. 
The  official  is  cautioned,  however,  that  suggestions  of  this 
kind  are,  in  a  strict  sense,  “extra-official” ;  legally  he  need 
go  no  further,  in  the  case  of  equipment  which  he  cannot 
approve  for  commercial  use,  than  to  reject  it,  leaving  it 
to  the  owner  to  take  whatever  steps  he  sees  fit  to  accom¬ 
plish  the  reconditioning  of  his  equipment.  Although  it  is 
recommended  that  officials  make  helpful  suggestions  of 
the  kind  here  under  discussion  when  they  are  fully  quali¬ 
fied  to  do  so,  in  a  spirit  of  rendering  maximum  service  to 
the  public,  the  inexperienced  official  will  do  well  to  refrain 
from  this  course  lest  he  render  a  wrong  diagnosis  or 
suggest  a  wrong  procedure. 

Accurate  and  Correct  Equipment.  —  Finally,  the 
weights  and  measures  official  is  reminded  that  commercial 
equipment  may  be  “accurate”  without  being  “correct”.  A 


12  Inspection  of  Measuring  Equipment 

device  is  “accurate”,  under  the  definition  in  the  General 
Code  of  the  National  Conference  (G-D.l.),  “when  its  per¬ 
formance  or  value — that  is,  its  indications,  its  capacity, 
its  deliveries,  its  registrations,  its  actual  value,  etc.,  as 
determined  by  tests  made  with  suitable  standards — con¬ 
forms  to  the  standard  within  the  applicable  tolerances 
and  other  performance  requirements.”  Equipment  which 
fails  so  to  conform  is  “inaccurate”.  A  device  is  “correct” 
(G-D.2.)  only  when  “in  addition  to  being  accurate,  it 
meets  all  applicable  specification  requirements” ;  and  if  it 
fails  to  meet  any  of  the  requirements  for  correct  equip¬ 
ment  it  is  “incorrect”.  Only  equipment  which  is  “correct” 
should  be  sealed  and  approved  for  commercial  use. 
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Chapter  3.— ADJUSTMENT,  REJECTION,  AND 
SEALING  OF  MEASURING  EQUIPMENT 

Adjustment  of  Equipment. — Many  types  of  measuring 
instruments  are  not  susceptible  of  adjustment  for  ac¬ 
curacy  by  means  of  adjustable  elements.  Linear  measures, 
liquid  measures,  graduates,  measure-containers,  milk  and 
lubricating-oil  bottles,  and  dry  measures  are  in  this  cate¬ 
gory.  Other  types — for  example,  taximeters  and  odom¬ 
eters  and  some  metering  devices- — may  be  adjusted  in  the 
field,  but  only  by  changing  certain  parts  such  as  gears  in 
gear  trains.  Some  types,  of  which  fabric-measuring  de¬ 
vices  are  an  example,  are  not  intended  to  be  adjusted  in 
the  field,  and  if  inaccurate  require  reconditioning  in  shop 
or  factory.  Liquid-measuring  devices  and  grease-measur¬ 
ing  devices  are  usually  equipped  with  adjustable  elements, 
and  some  vehicle-tank  compartments  have  adjustable  in¬ 
dicators;  field  adjustments  may  readily  be  made  on  such 
equipment.  The  discussion  which  follows,  insofar  as  this 
relates  to  adjustments  made  by  the  weights  and  measures 
official,  is  directed  primarily  to  the  use  of  those  adjustable 
elements  incorporated  in  liquid-measuring  devices  to  fa¬ 
cilitate  altering  the  quantities  discharged  per  indicated 
unit  of  delivery.  The  principles  pointed  out  and  the  rec¬ 
ommendations  made  are,  however,  applicable  to  adjust¬ 
ments  on  any  commercial  equipment,  by  whatever  means 
accomplished. 

The  weights  and  measures  official  should  remember  that 
when  he  examines  commercial  equipment  his  duty  is 
merely  to  determine  that  the  equipment  is  or  is  not  suit¬ 
able  for  commercial  use,  and  to  approve  or  reject  it 
accordingly.  As  the  criteria  for  this  determination  he  has 
his  specifications  and  tolerances.  If  a  device  conforms  to 
all  of  the  official  requirements,  it  is  approved  for  use  and 
is  “sealed”  to  indicate  this  approval.  If  a  device  is  in¬ 
correct,  in  that  it  fails  to  meet  one  or  more  of  the  appli¬ 
cable  requirements,  basically  the  official  is  required  only 
to  reject  it  and  prohibit  its  use  until  it  is  brought  into 
conformance  with  all  applicable  requirements.  The  point 
of  importance  to  this  discussion  is  that  the  official  is  not 
required  to  undertake  adjustments  or  other  corrections  on 
equipment  found  to  be  faulty; 
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Whether  or  not  the  official  should  at  times  make  ad¬ 
justments  or  other  corrections  on  equipment  found  to  be 
incorrect  is  a  moot  question.  Some  officials  contend  that 
this  should  never  be  done,  and  that  an  official  should  con¬ 
fine  himself  strictly  to  those  duties  imposed  upon  him  by 
his  statute.  Other  officials — and  these  are  believed  to  be 
a  majority — take  a  more  liberal  view,  and  hold  that  under 
some  circumstances  a  weights  and  measures  officer  is 
serving  the  best  interests  of  all  concerned  by  making  such 
minor  corrections  and  such  adjustments  (when  adjust¬ 
ment  is  called  for)  as  may  be  required  to  correct  equip¬ 
ment  found  to  be  faulty  and  thus  to  keep  it  in  commercial 
service.  Within  proper  limitations  this  latter  view  seems 
to  be  the  more  sound,  but  the  limitations  are  of  impor¬ 
tance. 

It  is  recommended  that  the  official  never  undertake 
repairs  of  a  major  character.  Such  repairs  should  always 
be  left  to  commercial  agencies. 

It  is  recommended  that  the  official  refrain  from  making 
even  minor  corrections  when  the  services  of  commercial 
agencies  are  readily  available.  The  justification  for  the 
undertaking,  by  the  official,  of  minor  corrections  lies  in 
the  delay  and  the  expense  which  would  be  incurred  if 
these  corrections  were  required  to  be  made  by  a  service 
agency  and  the  nearest  service  agency  were  located  at  a 
considerable  distance.  The  saving  to  the  equipment  owner 
is  a  consideration,  as  is  also  the  saving  in  time  and  ex¬ 
pense  on  the  part  of  the  official,  who  may  thus  avoid  a 
return  visit  for  a  retest.  Another  consideration  is  that 
the  equipment  may  be  kept  in  service  without  interrup¬ 
tion;  this  is  of  particular  importance  if  the  owner  hap¬ 
pens  to  be  dependent  upon  only  a  single  item  of  equip¬ 
ment  and  would  be  “out  of  business’’  while  this  was  tied 
up  for  repairs. 

The  official  is  cautioned  about  turning  too  quickly  to 
the  adjustable  elements  of  a  commercial  device  to  cor¬ 
rect  for  inaccuracies.  Many  times  the  cause  of  inaccurate 
performance  of  such  an  instrument  as,  for  example,  a 
liquid  meter,  lies  not  in  a  faulty  positioning  of  the  adjust¬ 
able  elements,  but  in  some  fault  of  installation  or  some 
defective  part.  Any  faulty  installation  conditions  should 
be  corrected,  and  any  defective  parts  should  be  renewed 
or  suitably  repaired,  before  adjustments  are  undertaken. 
In  other  words,  adjustment  should  be  made  only  when  it 
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is  certain  that  by  this  means  the  real  cause  of  the  in¬ 
accuracy  will  be  corrected. 

Under  no  circumstances  should  the  official  undertake 
an  adjustment  or  other  correction  on  commercial  equip¬ 
ment  unless  he  thoroughly  understands  what  he  is  doing 
and  is  competent  to  complete  successfully  what  he  under¬ 
takes.  He  should  not  experiment  with  equipment  belong¬ 
ing  to  a  commercial  user,  with  the  possibility  of  leaving 
it  in  worse  shape  than  that  in  which  he  found  it.  Even 
when  he  is  fully  competent  to  make  minor  corrections 
and  adjustments,  the  official  should  undertake  them  only 
with  the  express  permission  of  the  owner  or  his  repre¬ 
sentative  and  with  the  definite  understanding  that  there 
is  no  guarantee  of  a  successful  outcome ;  in  this  way  the 
official  will  protect  himself  from  adverse  criticism  and 
from  possible  claims  for  damage  to  equipment. 

The  practical  and  ethical  objections  to  charges  made  by 
an  official  for  services  such  as  are  here  under  discussion 
are  so  well  understood  that  it  should  be  unnecessary  to 
elaborate  upon  them.  In  the  absence  of  statutory  author¬ 
ization  or  direction,  the  official  should  never  charge  an 
equipment  owner  for  these  services,  which  he  is  justified 
in  undertaking,  if  at  all,  only  in  the  public  interest.  In 
those  rare  instances  in  which  the  law  specifically  au¬ 
thorizes  or  directs  the  assessment  against  an  equipment 
owner  of  charges  for  repairs  or  corrections  made  by  a 
weights  and  measures  official,  it  is  believed  that  the  law 
should  promptly  be  changed  to  delete  such  authorization 
or  directive. 

In  the  majority  of  cases,  when  the  weights  and  meas¬ 
ures  official  tests  commercial  equipment  he  is  verifying 
the  accuracy  of  a  value  or  the  accuracy  of  the  perform¬ 
ance  as  previously  established,  either  by  himself  or  by 
someone  else.  There  are  times,  however,  when  the  test 
of  the  official  is  the  initial  test  on  the  basis  of  which  the 
value  of  the  device  is  first  fixed  or  its  performance  first 
established.  The  most  common  example  of  this  is  the 
vehicle  tank,  the  compartments  of  which  are  used  as 
measures ;  not  infrequently  the  official  makes  the  first  de¬ 
termination  to  be  made  on  the  capacities  of  the  compart¬ 
ments  of  a  vehicle  tank,  and  his  test  results  may  be  used 
to  determine  the  proper  settings  of  the  compartment  in¬ 
dicators  for  the  exact  compartment  capacities  desired. 
Adjustments  of  the  position  of  an  indicator  under  these 
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circumstances  are  clearly  not  the  kind  of  “adjustments” 
under  discussion  above. 

Rejection  of  Equipment. — The  weights  and  measures 
law  usually  contains  a  provision  to  the  general  effect  that 
the  official  “shall  condemn  and  seize  and  may  destroy  in¬ 
correct  weights,  measures,  or  weighing  or  measuring  de¬ 
vices  which,  in  his  best  judgment,  are  not  susceptible  of 
satisfactory  repair ;  but  such  as  are  incorrect  and  yet,  in 
his  best  judgment  may  be  repaired,  he  shall  mark  or  tag 
as  ‘Condemned  for  repairs’  ”.3  This  provision  is  custom¬ 
arily  followed  by  others  requiring  that  equipment  which 
has  been  “condemned  for  repairs”  be  corrected  within 
such  reasonable  period  as  may  be  specified  by  the  official, 
that  if  not  so  repaired  the  equipment  shall  be  confiscated, 
and  that  pending  repairs  the  equipment  shall  be  neither 
used  nor  disposed  of  in  any  way  but  shall  be  held  at  the 
disposal  of  the  official. 

These  broad  powers  should  be  used  by  the  official  with 
discretion.  He  should  keep  always  in  mind  the  property 
rights  of  an  equipment  owner,  and  cooperate  in  working 
out  arrangements  whereby  an  owner  can  realize  at  least 
something  from  equipment  which  has  been  condemned. 
In  cases  of  doubt,  the  official  should  initially  “condemn 
for  repairs”  rather  than  condemn  outright.  Destruction 
of  equipment  is  a  harsh  procedure,  as  is  also  confiscation ; 
power  to  seize  and  destroy  is  necessary  for  adequate  con¬ 
trol  of  extreme  situations,  but  seizure  and  destruction 
should  be  resorted  to  only  when  clearly  justified. 

On  the  other  hand,  condemnation  for  repair  is  clearly 
inappropriate  for  numerous  items  of  measuring  equip¬ 
ment.  This  is  true  in  the  case  of  most  linear  measures,  of 
many  liquid  and  dry  measures,  and  graduates,  measure- 
containers,  milk  bottles,  and  lubricating-oil  bottles.  When 
such  equipment  is  incorrect  it  is  either  impractical  or  im¬ 
possible  to  adjust  or  repair  it,  and  the  official  has  no 
alternative  to  outright  condemnation.  When  only  a  few 
such  items  are  involved,  immediate  destruction  or  con¬ 
fiscation  is  probably  the  best  procedure.  If  a  considerable 
number  of  items  are  involved — as,  for  example,  a  stock 
of  measures  in  the  hands  of  a  dealer,  or  a  large  shipment 
of  bottles — return  of  these  to  the  manufacturer  for  credit 
or  replacement  should  ordinarily  be  permitted  so  long  as 
the  official  is  assured  that  they  will  not  get  into  com- 

3  Quoted  from  the  Model  State  Law  on  Weights  and  Mea«ures  as  adopted  by 
the  National  Conference  on  Weights  and  Measures. 
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mercial  use.  Thus  the  official  can  protect  the  owner  finan¬ 
cially  and  can  make  possible  the  conservation  of  at  least 
some  of  the  material  of  which  the  equipment  is  con¬ 
structed.  In  rare  instances  confiscation  and  destruction 
are  justified  as  a  method  of  control  where  less  harsh 
methods  have  failed. 

In  the  case  of  incorrect  mechanisms  such  as  fabric¬ 
measuring  devices,  taximeters,  liquid-measuring  devices, 
and  the  like,  repair  of  the  equipment  is  usually  possible, 
so  condemnation  for  repair  is  the  customary  procedure. 
Seizure  may  occasionally  be  justified,  but  in  the  large 
majority  of  instances  this  should  be  unnecessary.  Even 
in  the  case  of  worn-out  equipment  some  salvage  is  usually 
possible,  and  this  should  be  permitted  under  proper  con¬ 
trols. 

It  will  ordinarily  be  practicable  to  mark  or  tag  as  “con¬ 
demned  for  repairs”  each  item  of  measuring  equipment 
found  to  be  incorrect  and  considered  susceptible  of  proper 
reconditioning,  and  this  should  always  be  done  unless  the 
repairs  are  to  be  begun  immediately.  However,  the  tag¬ 
ging  of  equipment  as  “condemned”  to  indicate  that  it  is 
permanently  out  of  service,  is  not  to  be  recommended  if 
there  is  any  other  way  in  which  the  equipment  can 
definitely  be  put  out  of  service.  When  it  is  decided  that 
equipment  cannot  successfully  be  repaired,  dismantling, 
removal  from  the  premises,  or  confiscation  by  the  of¬ 
ficial  are  preferable  to  mere  marking. 

It  sometimes  happens  that  measuring  equipment  can 
not  be  tested  by  the  official  at  the  time  of  his  regular 
visit  to  the  premises  where  the  equipment  is  located. 
This  situation  can  arise,  for  example,  when  there  is  no 
gasoline  in  the  supply  tank  of  a  gasoline-dispensing  de¬ 
vice,  or  when  the  supply  of  lubricant  for  a  grease-meas¬ 
uring  device  is  exhausted.  In  such  circumstances  condem¬ 
nation  for  repair  is  not  appropriate;  some  officials  affix 
to  such  equipment  a  “non  sealed”  tag,  stating  that  the 
device  has  not  been  tested  and  sealed  and  that  it  must  not 
be  used  commercially  until  it  has  been  officially  tested 
and  approved.  This  form  of  marking  is  recommended 
whenever,  in  a  case  of  this  kind,  any  considerable  time 
will  necessarily  elapse  before  the  device  can  be  tested. 

A  somewhat  similar  situation  is  occasionally  met  in  an 
establishment  with  commercied  equipment  in  use  but  hav¬ 
ing  also  on  hand  some  equipment  which  is  not  in  service, 
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which  may  never  be  put  into  service,  but  which  is  of  a 
type  suitable  for  commercial  use  and  which  might  be  so 
used  at  some  future  time.  Such  equipment  (1)  may  be 
tested  and  otherwise  treated  by  the  official  just  as  he 
treats  equipment  in  commercial  service,  (2)  if  readily 
portable  it  may  be  removed  from  the  premises  to  eliminate 
possibility  of  its  inadvertent  use  for  commercial  purposes, 
or  (3)  it  may  be  marked  “non  sealed”. 

Finally,  there  are  instances  of  noncommercial  equip¬ 
ment  and  commercial  equipment  installed  or  used  in  close 
proximity.  In  such  a  case,  if  there  is  a  reasonable  prob¬ 
ability  that  the  noncommercial  equipment  might  be  used 
for  commercial  purposes,  (1)  this  should  be  treated  by  the 
official  as  commercial  equipment,  (2)  a  physical  separation 
of  the  two  groups  of  equipment  should  be  effected  so  that 
misuse  of  the  noncommercial  equipment  will  be  effectively 
prevented,  or  (3)  the  noncommercial  equipment  should  be 
tagged  to  show  that  it  is  in  noncommercial  service,  has 
not  been  officially  tested,  and  is  not  to  be  used  com¬ 
mercially. 

The  official  will  be  well  advised  to  keep  careful  records 
of  equipment  which  is  condemned  for  repairs  so  that  he 
may  follow-up  on  this  to  insure  that  the  repairs  have  been 
made  as  prescribed.  As  soon  as  practicable  following  com¬ 
pletion  of  the  repairs  the  equipment  should  be  retested. 
Complete  records  should  also  be  kept  of  equipment  which 
has  been  tagged  as  “nonsealed”  or  “noncommercial” ;  such 
records  may  be  invaluable  should  it  subsequently  become 
necessary  to  take  disciplinary  steps  because  of  the  im¬ 
proper  use  of  such  equipment. 

Sealing  of  Equipment. — All  equipment  which  is  offi¬ 
cially  approved  for  commercial  use  (with  certain  excep¬ 
tions  to  be  pointed  out  later)  should  be  suitably  marked, 
or  “sealed”,  to  show  this  fact.  Because  it  is  desirable  that 
the  public  be  advised  that  the  equipment  which  is  used  to 
serve  them  has  been  officially  examined  and  approved,  the 
seal  of  approval  should,  within  reasonable  limits,  be  as 
conspicuous  as  circumstances  permit  and  should  be  of 
such  a  character  and  so  applied  that  it  will  be  reasonably 
permanent.  The  seal  should  be  so  positioned  on  a  piece 
of  equipment  that  it  will  be  conspicuous,  particularly  to 
the  public.  Uniformity  of  position  of  the  seal  on  similar 
types  of  equipment  is  also  desirable,  and  this  is  an  aid 
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to  the  public  in  determining  quickly  that  a  piece  of  equip¬ 
ment  has  been  tested  and  found  correct. 

It  will  be  necessary  for  the  official  to  have  more  than 
one  form  of  seal  to  meet  the  requirements  of  different 
kinds  of  equipment.  For  instruments  such  as  fabric-meas¬ 
uring  devices,  liquid-measuring  devices,  taximeters,  and 
the  like,  decalcomania  seals  are  recommended;  these  are 
somewhat  more  expensive  than  other  types  but  their 
qualities  of  permanence  and  good  appearance  recommend 
them  highly.  Steel  stamps  are  most  suitable  for  liquid 
and  dry  measures  and  for  some  types  of  linear  measures. 
An  etched  seal,  applied  with  suitable  etching  ink,  is  ex¬ 
cellent  for  steel  tapes  and  greatly  preferable  to  a  seal 
applied  with  a  steel  stamp.  For  a  vehicle  tank  the  official 
may  wish  to  devise  a  relatively  large  seal,  perhaps  of 
metal,  with  provision  for  stamping  data  relative  to  com¬ 
partment  capacities,  the  whole  to  be  welded  or  otherwise 
permanently  attached  to  the  shell  of  the  tank. 

An  exception  is  made  to  the  general  rule  that  all  equip¬ 
ment  approved  for  commercial  use  should  be  individually 
sealed  to  show  this  approval,  with  respect  to  such  equip¬ 
ment  as  is  not  individually  tested  but  is  approved  upon  the 
basis  of  tests  of  samples  only.  In  this  category  are  meas¬ 
ure-containers,  milk  bottles,  and  lubricating-oil  bottles. 
The  official  normally  tests  samples  of  these  items  pre¬ 
liminary  to  their  sale  within  his  jurisdiction,  and  subse¬ 
quently  makes  “spot  checks”  by  testing  representative 
samples  of  the  measure-containers  or  bottles  selected  at 
random  from  new  stocks.  The  theory  upon  which  this 
procedure  is  justified  is  that  manufacturing  processes  for 
these  items  can  be  and  are  closely  controlled  and  that 
an  essentially  uniform  product  is  produced  by  each  manu¬ 
facturer.  Thus,  if  a  particular  item  is  once  found  to  be 
correct,  the  manufacturer  can  duplicate  that  in  his  reg¬ 
ular  production;  to  see  that  he  does  so,  the  official  tests 
samples  of  the  product  from  time  to  time. 

It  would  be  physically  possible  to  test  and  seal  individ¬ 
ually  all  glass  bottles  in  use.  To  do  this,  however,  would 
be  a  tremendous  task,  requiring  the  expenditure  of  a 
large  amount  of  time  and  effort.  Considering  the  high 
degree  of  uniformity  of  the  bottles  manufactured  by 
modern  processes,  the  slight  increase  in  accuracy  to  be 
gained  by  the  individual  testing  of  bottles  by  weights  and 
measures  officials,  as  compared  with  the  method  of  test- 
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ing  by  sample,  is  clearly  out  of  all  proportion  to  the 
difference  between  the  costs  of  the  two  methods.  In  the 
case  of  single-service  measure-containers,  individual  test¬ 
ing  is  not  possible,  and  supervision  can  only  be  exercised 
by  the  method  of  testing  by  sample. 
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Chapter  4.— LINEAR  MEASURES 

Description. — Commercial  linear  measures  are  to  be 
distinguished  from  linear-measuring  devices.  The  basic 
difference  between  the  “measure”  and  the  “measuring  de¬ 
vice”  is  that  the  former  is  essentially  a  one-piece  instru¬ 
ment,  whereas  the  latter  is  a  mechanism  comprising 
diverse  elements  which  operate  together  to  measure  and 
indicate,  usually  automatically,  the  length  of  material 
passed  through  the  device.  “Linear  measure”  means,  for 
weights  and  measures  purposes,  a  rigid  measure  such  as 
a  “yard  stick”,  a  folding  measure  comprising  two  or  more 
rigid  sections,  or  a  metal  tape;  these  are  covered  by  the 
code  for  “linear  measures”.  In  the  case  of  “linear-measur¬ 
ing  devices”,  two  varieties  are  now  covered  by  specifica¬ 
tions,  “fabric-measuring  devices”  and  “cordage-measur¬ 
ing  devices”,  and  each  is  covered  by  a  separate  code,  but 
the  code  for  cordage-measuring  devices  is  tentative  only, 
final  action  not  having  been  taken  as  yet. 

There  are  two  basic  varieties  of  linear  measures,  “line” 
measures  and  “end”  measures.  A  line  measure  is  charac¬ 
terized  by  a  zero  graduation  and  a  “capacity”  graduation 
that  define  the  total  interval;  intermediate  graduations 
are  customarily  provided.  Familiar  examples  of  line  meas¬ 
ures  are  some  of  the  “rulers”  intended  for  home,  school, 
or  office  use,  and  a  considerable  proportion  of  the  metal 
tapes  in  service. 

In  an  end  measure,  the  total  interval  represented  by  the 
measure  is  defined  by  the  ends  of  the  measure  itself ;  one 
end  corresponds  to  a  zero  graduation  and  the  other  to  a 
capacity  graduation.  An  example  of  an  end  standard  is  the 
“gage  block”,  used  extensively  in  precision  industrial 
measurements. 

A  combination  end-and-line  measure  is  very  commonly 
employed  in  commercial  and  industrial  service;  here  the 
zero  and  capacity  points  are  defined  by  the  ends  of  the 
measure,  and  intermediate  between  the  ends  are  gradua¬ 
tions  defining  subdivisions  of  the  total  interval.  Examples 
of  these  combination  measures  in  common  use  are  the 
familiar  wooden  “yard  stick”,  the  majority  of  “foot  rules” 
or  “rulers”,  mechanics’  “scales”,  and  carpenters’  “rules”. 
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Certain  metal  tapes,  sometimes  used  by  engineers  and 
surveyors  and  in  the  building-construction  industry,  are 
“line”  tapes  as  to  their  capacity  graduations  but  are  more 
nearly  “end”  tapes  as  to  their  zero  points.  On  such  a  tape 
the  zero  or  starting  point  for  the  series  of  graduations  is 
defined  by  the  end  of  a  ring  or  loop  affixed  to  the  zero  end 
of  the  tape.  The  precise  zero  point  is  customarily  the 
extreme  outside  point  of  the  ring  or  loop.  The  length  of 
one  of  these  terminal  rings  or  loops  is  ordinarily  about 
1  inch.  If  such  a  tape  is  subdivided  into  small  intervals, 
there  will,  of  course,  be  an  ungraduated  interval  adjacent 
to  the  zero  point.  On  tapes  of  this  design,  in  addition  to 
the  uncertainty  regarding  the  correct  zero  point — that  is, 
the  inside  or  the  outside  of  the  terminal  ring  or  loop — 
there  is  the  uncertainty  regarding  possible  deformation 
of  the  ring  or  loop  with  resulting  change  in  the  position 
of  its  end  in  relation  to  the  graduations  on  the  tape.  Seri¬ 
ous  errors  may  be  introduced  as  a  result  of  the  stretch¬ 
ing  or  flattening  of  a  ring  or  loop  (it  is  usually  the  former) 
or  by  the  replacement  of  a  damaged  or  lost  ring  or  loop 
by  a  part  which  is  not  of  the  correct  dimensions.4 

Linear  measures  are  commonly  constructed  and  grad¬ 
uated  in  units  of  the  customary  system  only — yards,  feet, 
and  inches.  Combination  measures  are  made,  however, 
carrying  on  one  side  or  edge  graduations  in  units  of  the 
customary  system  and  on  the  opposite  side  or  edge  gradu¬ 
ations  in  units  of  the  metric  system.  Such  combination 
measures  are  not  to  be  recommended  for  commercial  pur¬ 
poses  unless  both  customary  and  metric  values  are  actu¬ 
ally  needed  in  the  particular  service  where  the  measure 
is  used.  Metal  tapes  for  use  by  surveyors  are  customarily 
graduated  in  feet  and  tenths  of  feet;  the  use  of  such  tapes 
in  commercial  service  is  not  to  be  recommended,  because 
of  the  possibility  that  the  tenth-foot  subdivisions  will  be 
mistaken  for  1-inch  subdivisions. 

The  linear  measures  commonly  encountered  by  the 
weights  and  measures  official  are  rigid,  wooden,  one-yard 
end  measures  (the  familiar  “yard  stick”),  and  metal  tapes 
in  lengths  ranging  from  3  feet  to  50  feet.  Some  metal 
1-yard  line  measures,  designed  to  be  mounted  upon  coun¬ 
ters  and  used  for  the  measurement  of  cloth  and  other 

4  Tapes  of  the  design  discussed  in  this  paragraph,  although  not  recommended, 
are  accepted  by  the  National  Bureau  of  Standards  for  test,  and  a  report  is  issued 
showing  their  errors,  but  they  are  not  marked  with  a  National  Bui-eau  of  Stand¬ 
ards  seal. 
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textile  products,  may  be  encountered  from  time  to  time. 
Under  the  regulations,  measures  constructed  of  tacks 
driven  into  a  counter,  or  similar  measures,  are  not  allowed 
in  commercial  use,  and  if  found  in  service  these  should 
be  dismantled  and  be  replaced  by  measures  or  measuring 
devices  conforming  to  specification  requirements.  Other 
homemade  measures  and  measuring  sticks  may  occasion¬ 
ally  be  discovered  in  use,  and  these  should  be  similarly 
treated. 

Inspection. — Measures  should  be  individually  inspected 
for  compliance  with  the  applicable  requirements  of 
general  specifications  G-S.l.,  G-S.2.,  G-S.3.,  G-S.4.1., 
G-S.4.2.,  and  G-S.6.,  and  general  regulation  G-R.3.,  and 
with  each  applicable  specification  requirement  of  the  code 
for  linear  measures.  Inspection  should  precede  testing. 

For  a  metal  tape  for  general  service,  the  type  having  a 
zero  graduation  on  the  tape  itself  is  to  be  preferred  for 
commercial  service,  as  compared  with  the  type  equipped 
with  a  terminal  ring  or  loop  to  define  the  zero  point.  The 
latter  type  is  not  prohibited  by  the  specifications,  how¬ 
ever,  and  therefore  it  can  be  approved  for  use  when  found 
correct.  The  ring  or  loop  should  receive  particular  atten¬ 
tion  by  the  official ;  if,  because  of  its  material  or  construc¬ 
tion,  it  is  considered  probable  that  this  ring  or  loop  will 
become  deformed  as  a  result  of  normal  use  of  the  tape, 
the  tape  may  properly  be  rejected  under  general  specifi¬ 
cation  G-S.3. 

In  his  inspection  of  a  linear  measure  the  official  should 
give  attention  to  the  graduations,  not  alone  for  their 
width,  length,  spacing,  arrangement,  and  designation,  but 
also  for  their  legibility.  If  graduations  and  figures  are 
indistinct,  as  from  rusting  of  a  metal  tape  or  from  wear 
or  abrasion,  the  measure  may  properly  be  rejected  under 
general  specification  G-S.4.1. 

On  an  end  measure,  the  ends  should  be  examined  criti¬ 
cally  ;  these  should  be  square  and  sharp — that  is,  at  right 
angles  to  the  sides  of  the  measure  (and  so  parallel  with 
the  graduations)  and  with  all  edges  well  defined  and  not 
rounded  off. 

Testing  Apparatus. — The  character  and  amount  of  com¬ 
mercial  equipment  to  be  examined  by  the  official  will  de¬ 
termine  the  character  and  diversity  of  the  testing  appa¬ 
ratus  to  be  provided. 

Unless  metric  equipment  is  to  be  tested,  no  metric 
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standards  need  be  provided.  But  it  should  be  remembered 
that  it  is  not  practicable  to  test  metric  linear  measures 
with  standards  having  values  only  in  the  customary  sys¬ 
tem,  and  therefore,  if  metric  measures  must  be  tested, 
suitable  metric  standards  or  combination  standards  should 
be  obtained.  The  following  discussion  will  be  confined  to 
apparatus  of  the  customary  system,  upon  the  assumption 
that  commercial  metric  linear  measures  will  seldom,  if 
ever,  be  encountered.  It  will  be  evident  from  the  discus¬ 
sion  what  metric  standards  should  be  procured,  should 
any  be  needed. 

For  general  field  use  a  metal  tape  will  be  much  more 
satisfactory  than  one  or  more  rigid  measures.  If  only  a 
single  tape  can  be  provided,  a  50-foot  tape,  graduated 
throughout  in  f^o-inch  subdivisions,  is  recommended;  this 
will  be  useful  to  the  official  for  many  purposes  in  addition 
to  its  use  for  the  testing  of  commercial  linear  measures. 
An  advisable  addition  to  the  field  kit  will  be  a  6-foot  metal 
tape  graduated  throughout  in  %2- inch  subdivisions;  this 
is  recommended  because  the  6-foot  tape  will  be  somewhat 
more  convenient  than  a  25-foot  or  50-foot  tape  for  the 
testing  of  yard  measures  and  for  making  short  measure¬ 
ments  for  other  purposes.  Each  such  tape  should  have  a 
zero  graduation  on  the  tape,  a  blank  space  of  not  less  than 
6  inches  at  either  end  beyond  the  graduations,  and  should 
be  protected  by  a  case.  A  flexible,  steel,  6-inch  scale,  about 
one-half  inch  wide,  will  be  useful  for  checking  short  in¬ 
tervals  both  in  the  field  and  in  the  office;  it  is  suggested 
that  this  scale  be  graduated  on  one  side  or  edge  in  %2-inch 
subdivisions  and  on  the  opposite  side  or  edge  in  %0-inch 
(0.02-inch)  subdivisions.  This  scale  should  have  a  case  for 
protection. 

If  a  very  considerable  number  of  yard  measures  are  to 
be  tested,  either  in  the  field  or  in  the  office,  time  can  be 
saved  by  using  for  this  purpose  a  rigid  standard  rather 
than  a  tape.  For  testing  end  measures  such  as  ordinary 
yard  sticks,  still  greater  convenience  of  operation  can  be 
attained  if  this  rigid  standard  is  provided  with  a  fixed 
stop  at  one  end  against  which  one  end  of  the  measure 
under  test  can  be  placed,  with  the  measure  then  in  such 
a  position  that  its  graduations  can  be  directly  compared 
throughout  its  length  with  corresponding  graduations  on 
the  standard ;  a  few  extra  graduations  on  the  standard  at 
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the  end  opposite  to  the  stop  will  facilitate  determination 
of  errors  in  excess. 

The  standard  tape  for  office  use  should  be  of  100-foot 
length.  This  may  be  supplemented,  if  desired,  by  tapes  of 
shorter  lengths.  Each  such  tape  should  have  a  zero  grad¬ 
uation  on  the  tape. 

The  statement  of  tolerances  for  metal  tapes  specifies 
the  tensions  at  which  tapes  should  be  tested.  Except 
where  precise  results  are  demanded,  it  will  be  satisfactory 
in  field  testing  to  estimate  the  prescribed  tension,  and  so 
ordinarily  the  use  in  the  field  of  spring  scales  to  measure 
tension  will  not  be  necessary.  For  office  testing  of  tapes, 
however,  two  accurate  spring  scales  should  be  provided; 
these  should  have  capacities  of  not  less  than  10  pounds 
and  preferably  not  more  than  20  pounds,  and  should 
preferably  be  of  straight-face  tubular  design. 

As  a  part  of  the  office  tape-testing  apparatus,  four 
clamps  will  be  needed.  These  clamps  should  be  designed 
to  grip  a  metal  tape  firmly  but  without  bending  or  other¬ 
wise  damaging  the  tape;  this  can  be  accomplished  by 
means  of  a  block  fastened  to  a  base  member  with  screws. 
Two  of  the  clamps  are  for  anchoring  the  zero  ends  of  the 
standard  tape  and  the  tape  under  test,  and  means  must 
be  provided  for  engaging  the  clamps  with  some  element 
sufficiently  rigid  to  withstand  the  pull  when  the  tapes  are 
drawn  taut  from  their  opposite  ends.  The  third  clamp  is 
mounted  at  the  capacity  end  of  the  tape  under  test  and 
the  fourth  is  mounted  on  the  standard  tape  approximately 
opposite  the  third  one;  a  spring  scale  is  attached  to  each 
of  these  clamps  (No.  3  and  No.  4)  and  the  scales  are 
engaged  with  some  rigid  member.  The  position  of  at  least 
one  of  the  clamps  at  the  zero  end  should  be  adjustable, 
so  that  the  zero  graduations  on  the  two  tapes  can  be  ac¬ 
curately  alined.  The  positions  of  the  mounts  for  the  two 
spring  scales  should  be  adjustable  so  that  the  prescribed 
tension  can  be  applied  to  each  tape.  The  entire  arrange¬ 
ment  should  be  such  that  the  tapes,  when  mounted  for 
test,  are  supported  throughout  on  a  horizontal  flat  surface 
(a  floor  is  satisfactory)  with  their  edges  parallel  and  close 
together. 

A  hand  lens  of  medium  power  is  required  for  use  in  both 
field  testing  and  office  testing  of  linear  measures,  in  order 
that  readings  and  settings  may  be  made  with  precision. 
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Use  of  a  flash  lamp  will  be  required  for  proper  illumina¬ 
tion  under  many  field  conditions. 

Testing  Procedure. — For  simplicity  of  language  in  the 
discussion  which  follows,  the  measure  under  test  will  be 
referred  to  as  “the  measure”,  and  the  standard  tape,  scale, 
or  bar  will  be  referred  to  as  “the  standard”. 

Measures  must  be  individually  tested  to  determine  their 
accuracy.  If  a  measure  has  once  been  examined  and  found 
to  be  correct,  repeated  retesting  may  be  unnecessary  as 
long  as  careful  inspection  shows  that  the  physical  con¬ 
dition  of  the  measure  remains  unchanged.  The  measure 
should  be  retested,  however,  if  there  is  any  doubt  regard¬ 
ing  its  continued  accuracy. 

The  testing  of  a  linear  measure  is  essentially  simple, 
consisting  of  a  direct  comparison  of  the  intervals  of  the 
measure  with  those  of  the  standard.  The  total  interval 
represented  by  the  measure  should  always  be  verified. 
Clearly,  it  will  not  be  practicable  to  compare  each  subdi¬ 
vision  of  the  measure,  or  the  interval  from  zero  to  each 
successive  graduation  on  the  measure,  with  the  corre¬ 
sponding  interval  on  the  standard.  Nor  is  this  necessary 
or  even  desirable  in  a  measure  graduated  throughout  its 
length  into  many — perhaps  hundreds — of  subdivisions; 
the  spacing  of  the  graduations  is  usually  accomplished  by 
a  machine  operation  of  some  sort,  and  accidental  errors, 
such  as  might  result  from  graduation  by  hand,  are  not  to 
be  anticipated.  On  a  measure  graduated  throughout  into 
relatively  small  subdivisions,  observations  should  nor¬ 
mally  be  made  at  not  less  than  six  intermediate  points. 
If  the  total  number  of  intermediate  graduations  does  not 
exceed  10  or  12,  it  will  be  advisable  to  make  an  observa¬ 
tion  at  each  such  graduation. 

When  testing  at  intermediate  graduations,  the  pro¬ 
cedure  should  be  to  consider  in  each  case  the  entire  in¬ 
terval  from  zero  to  the  graduation  under  observation, 
rather  than  the  interval  defined  by  any  two  intermediate 
graduations  or  the  interval  from  a  particular  graduation 
to  the  capacity  graduation.  This  conforms  to  the  normal 
method  of  using  a  measure. 

The  basic  procedure  in  testing  any  measure  is  first  to 
place  the  standard  and  the  measure  with  their  correspond¬ 
ing  series  of  graduations  in  such  proximity  that  any 
failure  of  agreement  in  the  positions  of  the  graduations 
can  be  determined  accurately.  This  is  accomplished  when 


Linear  Measures 


27 


testing  a  bar  (such  as  a  yard  stick)  with  another  bar,  by 
placing  measure  and  standard  side  by  side,  if  possible  with 
the  edges  carrying  the  graduations  immediately  adjacent 
and  in  the  same  plane.  (To  do  this  it  may  be  necessary  to 
reverse  the  standard  end  for  end,  bringing  its  capacity 
graduation  or  end  into  alinement  with  the  zero  gradua¬ 
tion  or  end  of  the  measure.  There  is  no  objection  to  this 
procedure.)  Or,  in  this  same  case,  the  standard  may  be 
set  on  one  edge  directly  on  the  bar  being  tested  and 
overlapping  the  graduations  on  the  measure;  obviously, 
the  standard  should  be  parallel  with  the  measure.  If  the 
measure  is  a  bar  and  the  standard  is  a  tape,  the  tape  is 
laid  directly  on  the  bar.  If  both  measure  and  standard 
are  tapes,  they  are  stretched  out  side  by  side. 

The  second  step  is  to  aline  accurately  the  zero  gradu¬ 
ations  of  the  two  series  of  graduations  (or  the  zero  ends 
of  measure  and  standard,  or  the  zero  graduation  of  one 
and  the  zero  end  of  the  other).  If  a  tape  is  involved  (as 
measure  or  standard  or  both)  the  tape  or  tapes  should 
then  be  brought  approximately  to  the  proper  tension  as 
specified  in  the  statement  of  tolerances  for  metal  tapes — 
5  pounds  for  tapes  of  less  than  25  feet,  and  10  pounds 
for  tapes  of  25  feet  and  over.  Finally,  the  amounts  by 
which  the  intervals  on  the  measure  fail  to  agree  with  the 
intervals  on  the  standard  are  determined  by  observing 
the  relative  positions  of  corresponding  graduations.  The 
alinement  at  zero  should  be  checked  at  the  conclusion  of 
these  observations  to  insure  that  the  relative  position  of 
measure  and  standard  has  not  shifted  while  the  observa¬ 
tions  were  in  progress. 

The  official  will  require  assistance  in  maintaining  the 
position  and  tension  of  any  tape  involved  in  a  test  if  the 
intervals  being  compared  exceed  a  few  feet,  and  always 
if  he  finds  it  necessary  to  use  a  lens  in  making  a  close 
observation. 

Care  must  be  exercised  to  establish  the  same  relative 
line  of  sight  when  viewing  all  pairs  of  graduations  for 
agreement;  the  possibility  of  parallax  effects  is  increased 
when  a  hand  lens  is  used.  Uniformity  of  lighting  is  also 
important,  particularly  if  a  beam  of  artificial  light  is 
utilized ;  the  beam  should  be  essentially  parallel  with  the 
graduations  being  observed,  and  if  it  is  not  there  may 
appear  to  be  errors  which,  in  fact,  do  not  exist,  this  ap¬ 
pearance  resulting  from  the  lighting  conditions  alone. 
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If,  when  determining  agreement  or  errors,  it  is  necessary 
to  project  the  line  of  a  graduation  of  one  series  to  reach 
the  other  series,  as  when  the  two  series  of  graduations, 
on  measure  and  standard,  are  not  immediately  adjacent, 
this  must  be  accurately  done;  a  straight-edge  should  be 
used  (such  as  the  edge  of  the  6-inch  scale),  or  use  may  be 
made  of  a  small,  accurate  T-square.  Readings  and  settings 
should  be  made  at  the  center  line  of  a  graduation  rather 
than  on  either  edge  when  comparing  two  series  of  gradu¬ 
ations,  to  avoid  errors  which  would  otherwise  be  intro¬ 
duced  if  the  graduations  of  the  two  series  differ  in  width. 
The  6-inch  scale  is  recommended  for  auxiliary  use  in  mak¬ 
ing  precise  determinations  of  errors  whenever  this  be¬ 
comes  necessary,  and  in  making  close  determinations  as 
to  whether  or  not  an  error  exceeds  the  applicable  toler¬ 
ance. 

The  length  of  a  steel  tape  is  considered  to  be  standard 
at  68°  F.  An  increase  in  temperature  causes  the  tape  to 
expand  and  become  longer,  and  a  decrease  in  temperature 
has  the  opposite  effect.  Thus  at  78°  F.  an  interval  on  a 
steel  tape  which  is  100  feet  at  68°  F.  will  be  approximately 
100.00645  feet,  or  100  feet  plus  0.08  inch;  at  58°  F.  that 
interval  will  be  approximately  99.99355  feet,  or  100  feet 
minus  0.08  inch.  A  10°  F.  change  in  the  temperature  of 
a  25-foot  steel  tape  causes  a  change  in  its  length  of  ap¬ 
proximately  0.02  inch ;  on  a  6-foot  tape  the  corresponding 
change  in  length  is  only  about  0.005  inch.  As  can  be  seen 
from  these  figures,  moderate  changes  in  temperature 
seldom  bring  about  changes  in  the  lengths  of  steel  tapes 
which  are  of  such  magnitude  as  to  be  significant  in 
weights  and  measures  regulatory  work.  The  official  can 
safely  disregard  temperature  changes  in  his  linear-meas¬ 
ure  testing  in  the  field  if  he  will  simply  avoid  using  his 
standards  when  these  are  at  abnormally  high  or  low 
temperatures.  In  office  testing,  temperature  corrections 
can  safely  be  disregarded  in  testing  all  short  measures. 
When  testing  steel  tapes  in  the  office,  the  only  precaution 
necessary  with  respect  to  temperature  is  to  have  the  meas¬ 
ure  and  the  standard  at  approximately  the  same  temper¬ 
ature;  the  value  of  the  standard  being  known  at  68°  F., 
the  value  of  the  measure  will  then  be  determined  as  for 
68°  F.,  since  both  measure  and  standard  will  be  equally 
affected  by  the  prevailing  temperature. 


Linear  Measures 


29 


Testing  Outlines 

(For  tests  of  linear  measures  by  weights  and  measures  officials) 

Case  I.  Rigid  measures,  when  a  metal  tape  is  used  as  the 
standard : 

1.  Position  the  standard  on  the  measure,  so  that  the 

series  of  graduations  on  the  standard  will  par¬ 
tially  overlap  the  series  of  graduations  on  the 
measure.5 

2.  Shift  the  position  of  the  standard  as  required  to 

bring  the  zero  graduation  of  the  standard  into 
precise  alinement  with  th6  zero  of  the  measure. 

3.  Apply  the  prescribed  tension  to  the  standard. 

4.  Compare  the  total  interval  of  the  measure  with  its 

nominal  equivalent  on  the  standard.  Note  the 
amount  of  the  error,  using  the  6-inch  scale,  if 
necessary,  for  this  purpose. 

5.  Proceed  as  in  step  4  to  compare  at  least  six  in¬ 

tervals,  from  zero  to  each  of  six  intermediate 
graduations. 

6.  Check  the  alinement  of  the  zero  graduation  of  the 

standard  with  the  zero  of  the  measure.  (If  the 
position  of  the  standard  is  found  to  have  shifted 
from  that  established  in  step  2,  the  test  should 
be  repeated  after  reestablishing  proper  aline¬ 
ment.) 

Case  II.  Rigid  measures,  when  a  rigid  measure  is  used  as 
a  standard :  6 

1.  Position  the  standard  on  edge  on  the  measure  (or 

vice  versa)  so  that  the  two  series  of  gradua¬ 
tions  are  brought  together,  or  position  the 
standard  beside  the  measure  so  that  the  two 
series  of  graduations  are  in  the  same  plane. 

2.  Proceed  as  in  steps  2,  4,  5,  and  6  of  case  I. 


B  If  the  measure  is  not  fastened  in  position  (as  to  a  counter)  and  has  gradua¬ 
tions  extending  to  the  edge  of  the  measure,  the  positions  of  measure  and  stand¬ 
ard  may  be  reversed  if  desired.  In  this  case  the  standard  is  laid  out  on  a  flat 
surface  and  the  measure  is  placed  upon  it,  resting  on  one  edge  so  that  the  two 
series  of  graduations  are  brought  together. 


11  If  a  standard  with  a  fixed  stop  at  one  end  is  being  used,  the  exact  procedure 
for  steps  1  and  2  will  be  determined  by  the  particular  design  of  the  standard. 
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Case  III.  Field  test  of  metal  tapes,  a  metal  tape  being  used 
as  the  standard : 

1.  Position  the  standard  on  the  measure  (or  vice 

versa)  so  that  one  series  of  graduations  will 
partially  overlap  the  other,  the  tapes  being  sup¬ 
ported  on  a  horizontal  flat  surface. 

2.  Shift  the  position  of  the  upper  tape  as  required 

to  bring  the  zero  graduations  of  the  standard 
and  the  measure  into  precise  alinement.7 

3.  Apply  the  prescribed  tension,  as  accurately  as 

feasible,  to  both  tapes. 

4.  Proceed  as  in  steps  4,  5,  and  6  of  case  I. 

Case  IV.  Office  test  of  metal  tapes : 

1.  Position  the  measure  and  the  standard  side  by 

side,  and  as  close  together  as  practicable,  both 
tapes  being  supported  on  a  horizontal  flat  sur¬ 
face. 

2.  Establish  precise  alinement  between  the  zero 

graduations  of  the  standard  and  the  measure 
and  secure  the  zero  ends  of  both  tapes. 

3.  By  means  of  spring  scales  apply  the  prescribed 

tension  separately  to  each  tape  and  secure  the 
scales  so  that  this  tension  will  be  maintained 
throughout  the  test. 

4.  Compare  the  total  interval  on  the  measure  with 

its  nominal  equivalent  on  the  standard.  Note 
the  amount  of  the  error,  using  the  6-inch  scale 
and  a  straight-edge  or  T-square  for  this  pur¬ 
pose. 

5.  Proceed  as  in  steps  5  and  6  of  case  I. 


7  If  the  zero  of  the  measure  is  defined  by  the  end  of  a  loop  or  ring,  establish 
the  zero  alinement  here  specified  by  alining  the  first  main  graduation  ( 1-inch  or 
2-inch,  for  example)  on  the  measure  with  the  corresponding  graduation  on  the 
tape.  Subsequently  determine  the  accuracy  of  the  interval  on  the  measure  from 
the  end  of  the  loop  to  the  first  main  graduation  ;  any  error  found  on  this  interval 
is  to  be  combined  with  the  errors  on  tested  intervals  beginning  with  the  first 
main  graduation  on  the  measure,  to  arrive  at  the  errors  for  the  intervals  from 
zero  to  the  terminal  points  of  such  tested  intervals. 

8  See  footnote  7. 
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Chapter  5.— FABRIC-MEASURING  DEVICES 

Description. — As  ordinarily  encountered  by  the  weights 
and  measures  official,  a  fabric-measuring  device  is  a 
machine  used  in  a  retail  establishment  for  the  automatic 
measurement  of  fabric  passed  through  the  machine  and 
for  the  automatic  computation  of  the  total  money  value 
of  the  material  measured  for  each  of  a  series  of  unit 
prices.  Such  a  device  serves  for  dry  goods  sold  by  linear 
measure  the  same  general  function  as  is  performed  by  a 
computing  scale  for  commodities  sold  by  weight.  Under 
the  definition  given  in  the  National  Conference  code,  a 
fabric-measuring  device  may  or  may  not  be  equipped  with 
means  for  price  computation,  but  it  is  believed  that  none 
without  this  feature  will  now  be  found  in  retail  use,  and 
the  code  is  limited  in  its  application  to  devices  “which, 
by  reason  of  the  character  of  their  primary  indicating 
elements,  are  obviously  designed  for  use  in  connection 
with  retail  sales.”  Noncomputing  types  may  be  found  in 
some  wholesale  establishments;  although  wholesale  ma¬ 
chines  are  not  covered  by  the  code  cited,  their  measuring 
characteristics  are  similar  to  those  of  the  retail  machines, 
and  the  official  should  have  no  difficulty  in  adapting  to  the 
test  of  the  wholesale  type  the  principles  which  are  out¬ 
lined  for  the  retail  type  in  what  follows. 

The  measuring  element  of  a  fabric-measuring  device 
is  a  measuring  roller  several  inches  long  which  is  con¬ 
nected  through  a  gear  train  with  the  length-indicating 
elements.  The  conventional  yardage-indicating  elements 
comprise  a  “clock-face”  dial  and  two  indicators,  the 
longer  indicator  making  one  complete  revolution  for  1 
yard  and  showing  inches  and  eighth-yards,  and  the 
shorter  indicator  showing  whole  yards  up  to  a  total  of  12 
yards  for  a  complete  revolution.  An  additional  “cus¬ 
tomers’  ”  indicator  is  normally  provided.  There  is  an  idler 
roller  opposite  to  the  measuring  roller,  and  the  fabric  to 
be  measured  is  drawn  between  the  two  rollers,  which  are 
held  together  under  spring  pressure ;  passage  of  the  fabric 
between  the  rollers  actuates  the  measuring  roller,  and  its 
motion  is  communicated  to  the  indicating  elements.  By 
means  of  a  lever,  one  of  the  rollers  may  be  locked  in  a 
raised  position  to  permit  insertion  of  the  fabric  between 
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the  rollers,  with  the  end  of  the  piece  of  fabric  at  the  cor¬ 
rect  starting  position.  Operation  of  a  conveniently  posi¬ 
tioned  trigger  releases  the  raised  roller.  As  the  fabric  is 
drawn  through  the  machine,  the  indicating  elements  are 
driven  forward  or  backward,  depending  upon  the  direc¬ 
tion  of  movement  of  the  fabric,  and  the  registration  is 
maintained,  through  a  clutch  mechanism,  until  it  is  de¬ 
sired  to  “clear”  the  indication  back  to  a  zero  reading. 
Clearing  is  accomplished  by  depressing  a  “zeroizing” 
button,  which  releases  the  clutch,  when  the  indicating 
elements  automatically  return  to  zero  positions ;  in  earlier 
models  the  button  must  be  held  in  the  depressed  position 
until  the  clearing  operation  is  completed,  whereas  in  later 
models  it  is  merely  necessary  to  push  the  button  to  start 
the  zeroizing  operation  which,  once  started,  is  automati¬ 
cally  carried  through  to  completion. 

In  the  fabric-measuring  devices  currently  on  the 
market,  a  knife  is  mounted  on  the  roller-operating  lever 
previously  mentioned,  the  purpose  of  which  is  to  make 
a  short  cut  in  the  edge  of  a  piece  of  fabric  to  mark  the 
point  to  which  the  desired  measurement  has  been  made 
and  at  which  the  cut  is  to  be  carried  by  hand  across  the 
strip  of  fabric.  When,  for  example,  a  5-yard  piece  has 
been  measured  from  a  bolt  of  cloth,  the  single  operation 
of  depressing  the  lever  results  first  in  making  the  cut  in 
the  selvage  of  the  fabric  and,  second,  in  opening  the 
rollers  and  locking  them  in  the  open  position  so  that  the 
cloth  can  be  slipped  out.  On  late  models  there  is  an  inter¬ 
lock  which  normally  prevents  the  operation  of  the  lever 
except  when  the  machine  indicates  an  exact  measurement 
of  some  eighth-yard  multiple ;  when  the  desired  measured 
interval  falls  between  eighth-yard  points,  it  is  necessary 
to  clear  the  machine  before  the  lever  can  be  operated  to 
notch  the  fabric  and  separate  the  rollers. 

The  point  on  the  fabric-measuring  device  at  which  the 
knife  descends  corresponds,  of  course,  to  the  point  to 
which  the  end  of  the  cloth  is  set  at  the  start  of  a  meas¬ 
urement.  As  the  machines  have  been  built  for  the  past 
20  years  or  more,  they  are  equipped  with  an  interlock 
actuated  by  a  fork  which  is  positioned  between  the  jaws 
of  the  machine  in  line  with  the  correct  zero  position  of 
the  end  of  the  piece  of  fabric  to  be  measured.  If  the  op¬ 
erator  carelessly  positions  the  end  of  the  fabric  so  that 
this  extends  through  the  jaws  beyond  the  correct  zero 
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position,  the  fabric  changes  the  position  of  the  fork  and 
locks  the  trigger  which  releases  the  raised  roller.  The 
fabric  must  be  behind  the  fork  before  the  roller  can  be 
released  and  the  machine  put  into  condition  for  a  measur¬ 
ing  operation.  This  interlock  is  designed  to  prevent  over- 
measure  that  might  result  from  an  incorrect  starting 
position  of  the  fabric. 

For  the  computation  of  money  values,  current  models 
of  fabric-measuring  devices  are  equipped  with  charts  car¬ 
ried  on  two  rolls ;  these  rolls  are  geared  to  the  measuring 
roller  of  the  device  and  are  automatically  actuated  by 
rotation  of  the  measuring  roller.  Computations  are  made 
for  certain  fractions  of  yards  only — customarily  for  each 
eighth  yard — the  devices  being  of  the  “limited-comput¬ 
ing  type”  covered  by  specification  S.4.2.  of  the  National 
Conference  code.  When  the  device  is  cleared,  the  price¬ 
computing  chart  is  automatically  returned  to  its  zero 
position  along  with  the  yardage  indicatory.  There  may, 
however,  be  a  supplementary  chart  carrying  computations 
for  odd  lengths  (that  is,  not  even  eighth  yards),  mounted 
on  a  small  roll  and  designed  to  be  pulled  out  manually 
for  observation  when  needed. 

The  fabric  being  measured  is  drawn  through  the  device 
by  the  operator  from  left  to  right.  The  left  hand  of  the 
operator  guides  the  fabric  into  the  jaws  in  a  straight 
course,  and  the  necessary  tension  to  draw  the  fabric 
through  the  rollers — which  is  very  small — is  applied  with 
the  right  hand.  It  is  obvious  that  if  a  piece  of  fabric  is 
at  all  elastic  and  if  this  is  stretched  tight  as  it  passes 
through  the  machine,  short  measure  will  result.  For  this 
reason  the  operator  should  not  grasp  the  fabric  being 
measured  with  the  left  hand  as  it  is  being  drawn  through 
the  machine;  the  fabric  should  be  free  to  pass  into  the 
machine  with  no  drag  or  back-pull.  Fabric-measuring  de¬ 
vices  are  not  intended  for  use  in  measuring  exceptionally 
elastic  fabrics.  (See  specification  S.6.) 

A  fabric-measuring  device  may  be  mounted  on  a  counter 
in  a  fixed  position,  or  on  a  track  so  that  its  position  may 
be  shifted  for  the  convenience  of  the  operators.  Pedestals 
of  different  heights  are  available  to  adapt  an  installation 
to  the  merchandise  to  be  measured. 

Inspection. — Fabric-measuring  devices  should  be  in¬ 
dividually  inspected,  and  inspection  should  precede  test¬ 
ing.  Inspection  should  be  made  for  compliance  with  the 
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applicable  requirements  of  general  specifications  G-S.l., 
G-S.2.,  G-S.4.,  and  G-S.6.,  with  general  regulations 
G-R.2.,  and  G-R.5.,  and  with  each  applicable  specification 
requirement  of  the  code  for  fabric-measuring  devices. 

When  the  rollers  are  in  the  closed  position  they  should 
be  parallel  and  in  contact  throughout  their  length.  A 
simple  way  of  checking  this  is  to  direct  a  flash-lamp  beam 
between  the  jaws  from  one  side  when  the  rollers  are 
presumably  in  contact,  and  observe  from  the  other  side 
the  streak  of  light  passing  between  the  rollers.  If  this 
streak  of  light  is  wedge-shaped,  the  rollers  are  either 
worn  or  out  of  adjustment. 

The  device  should  be  checked  for  the  correct  function¬ 
ing  of  all  buttons,  levers,  triggers,  or  other  similar  ele¬ 
ments,  for  the  correct  alinement  of  value  figures  with 
unit-price  figures,  and  for  the  correct  alinement  of  the 
value  figures  in  the  aperture  of  the  housing.  The  device 
should  be  operated  for  a  short  interval  and  then  cleared, 
several  times,  to  check  the  return  of  all  indicating  ele¬ 
ments  to  proper  zero  positions;  both  the  customers’  in¬ 
dicating  face  and  the  elements  designed  to  be  read  by 
the  operator  should  be  checked  and  agreement  between 
them  required. 

The  general  accuracy  of  the  value  chart  or  charts 
should  be  established  by  checking  a  reasonable  number 
of  the  computations.  This  need  be  done  only  once  for  each 
variety  of  chart.  It  will  ordinarily  be  possible  to  see  the 
designating  number  of  the  chart  without  disassembly  of 
the  device,  and  charts  bearing  the  same  number  may  be 
assumed  to  be  of  identical  design. 

Testing  Apparatus.- — The  recommended  testing  appa¬ 
ratus  for  a  fabric-measuring  device  is  a  “secondary 
length  standard”  consisting  of  a  graduated  strip  of  spe¬ 
cial  fabric.  It  is  practicable  for  an  official  to  prepare  one 
of  these  “testing  tapes”  himself,  and  instructions  for  do¬ 
ing  this  will  be  found  in  the  paper  beginning  on  page 
93  of  the  Report  of  the  Fifteenth  National  Conference 
on  Weights  and  Measures,  NBS  Miscellaneous  Publica¬ 
tion  M51.  These  instructions  are  not  repeated  here  be¬ 
cause  fabric  testing  tapes  for  fabric-measuring  devices 
are  now  procurable  from  commercial  sources,  and  prac¬ 
tically  all  officials  appear  to  prefer  purchasing  the  pre¬ 
pared  tapes  to  constructing  tapes  themselves. 

The  testing  tape  commercially  available  conforms  to 
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the  essential  recommendations  given  in  the  paper  cited 
above.  It  is  2 Yi  inches  wide  and  has  a  graduated  length 
of  12  yards. 

Because  of  the  probability  that  there  would  be  some 
slippage  between  the  rollers,  a  steel  tape  should  not  be 
used  as  the  testing  standard  for  a  fabric-measuring  de¬ 
vice. 

Testing  Procedure. — The  yardage  test  of  a  fabric¬ 
measuring  device  consists  essentially  of  passing  the  test¬ 
ing  tape  through  the  device  in  a  manner  corresponding 
to  the  commercial  use  of  the  device,  and  comparing  from 
time  to  time  the  indications  of  the  device  with  the  cor¬ 
responding  lengths  of  the  standard  tape  which  have  been 
passed  through  the  device.  Because  in  its  basic  mechanical 
design  the  device  is  nothing  more  than  a  gear  train,  it 
may  be  argued  that  it  is  sufficient  to  test  the  device  up 
to  only  1  or  2  yards,  upon  the  assumption  that  subse¬ 
quent  operating  cycles  will  merely  repeat  the  operations 
involved  in  such  a  short  test.  While  this  argument  has 
some  validity,  it  is  nevertheless  the  fact  that  faulty  con¬ 
ditions  involving  elements  other  than  the  gear  train 
might  exist,  which  would  be  disclosed  only  when  the  test 
is  carried  to  points  approaching  the  capacity  of  the  de¬ 
vice.  Accordingly  it  is  recommended  that  a  fabric-meas¬ 
uring  device  always  be  tested  to  the  12-yard  indication, 
or  to  its  maximum  indication  should  this  be  less  than 
12  yards.  (If  the  official  tests  a  wholesale-type  device, 
having  a  capacity  considerably  in  excess  of  12  yards,  the 
test  should  be  extended  to  30  or  40  yards  or  even  more, 
depending  upon  the  capacity  of  the  device,  its  perform¬ 
ance  in  the  lower  portion  of  its  operating  range,  and 
similar  factors.) 

Certain  general  considerations  should  be  observed  in 
testing:  The  testing  tape  should  be  passed  through  the 
device  at  a  right  angle  with  the  axis  of  the  measuring 
roller;  if  a  straight  course  is  not  maintained,  and  the 
tape  passes  between  the  rollers  with  a  weaving  motion, 
erroneous  results  will  be  obtained.  The  testing  tape  should 
be  drawn  through  the  device  at  moderate  speed,  approxi¬ 
mating  that  of  commercial  operation.  The  tape  should 
not  be  positioned  so  far  back  in  the  jaws  that  its  edge 
will  rub  against  the  housing;  in  fact,  it  is  advisable  that 
the  tape  be  far  enough  forward  in  the  jaws  to  clear  the 
knife  on  the  roller-separating  lever.  The  indications  of 
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the  customers’  and  operator’s  yardage  indicators  should 
be  compared  frequently  for  agreement.  Alinement  of 
value  figures  should  be  checked  from  time  to  time,  in¬ 
cluding  an  observation  at  the  maximum  point  to  which 
the  device  is  tested.  Should  the  device  be  equipped  with 
a  totalizing  counter,  an  “inventory  indicator”,  or  similar 
element,  the  increase  in  the  indications  of  this  element 
should  be  checked  for  agreement  with  the  primary  yard¬ 
age  indications  of  the  device. 

When  making  observations,  errors  of  indications  should 
be  read  on  the  tape  and  not  by  means  of  the  indicating 
elements  of  the  device.  That  is  to  say,  the  tape  should 
be  drawn  through  the  device  until  coincidence  is  obtained 
between  the  indicator  and  the  graduation  representing 
the  interval  being  tested,  and  the  error,  if  any,  should 
be  read  from  the  tape.  If  the  actual  length  of  tape  passed 
through  the  device  exceeds  the  indication  of  the  device, 
the  error  of  the  device  is  the  difference  between  the  two 
and  the  error  is  in  the  direction  of  under-registration; 
if  the  length  of  tape  passed  through  the  device  is  less 
than  the  length  indicated  by  the  device,  the  error  is  one 
of  over-registration.  In  order  to  read  the  tape  with  pre¬ 
cision,  a  definite  line  of  sight  must  be  established  for  the 
zero  tape  reading,  and  this  line  of  sight  must  be  dupli¬ 
cated  in  all  subsequent  tape  readings.  The  official  may 
find  it  useful  to  improvise  a  sighting  gage  which  can  be 
held  against  the  side  of  the  housing  each  time  a  reading 
is  made  or  fastened  to  the  housing  with  rubber  bands 
for  the  duration  of  a  test,  to  assist  him  in  maintaining  a 
uniform  sighting  line  when  reading  the  tape. 

In  the  commercial  use  of  a  fabric-measuring  device, 
the  operator  may  overrun  the  desired  measurement  and 
then  “back  up”  to  the  indication  wanted.  For  an  indi¬ 
cated  length  of  a  given  amount,  the  actual  length  of  the 
measured  fabric  when  the  fabric  is  advanced  through 
the  rollers  may  differ  from  the  length  when  the  direction 
of  movement  of  the  fabric  is  reversed  just  prior  to  the 
completion  of  the  operation,  as  in  the  case  mentioned 
above;  this  difference  results  from  backlash  or  lost  mo¬ 
tion  in  the  gear  train.  The  official  should  compare  the 
tape  reading  for  some  device  indication  following  for¬ 
ward  travel  of  the  tape,  with  the  reading  for  the  same 
indication  following  tape  travel  in  the  reverse  direction, 
to  learn  whether  or  not  any  appreciable  backlash  exists. 
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If  it  does,  then  observations  should  be  made  following 
both  forward  and  backward  travel  of  the  tape  at  each 
point  where  the  error  on  the  normal  forward  test  is  in  the 
direction  of  over-registration  and  approaches  in  amount 
the  value  of  the  applicable  tolerance.  It  is  proper  to  re¬ 
ject  the  device  if  its  error  on  either  backward  or  forward 
test  exceeds  the  applicable  tolerance. 

The  testing  tape  is  properly  positioned  at  zero  at  the 
beginning  of  a  test,  as  follows:  With  the  rollers  sepa¬ 
rated,  the  end  of  the  tape  is  inserted  squarely  in  the  jaws, 
the  trigger  is  operated  to  bring  the  rollers  together,  and 
the  tape  is  advanced  until,  according  to  the  established 
line  of  sight,  a  “zero”  tape  reading  is  obtained.  In  this 
operation  the  tape  should  be  advanced  to  position — the 
mechanism  should  not  be  run  backward  immediately  prior 
to  being  stopped  for  the  zero  setting  of  the  tape.  Next 
the  device  is  cleared  by  operating  the  zeroizing  button. 
Everything  is  then  in  readiness  to  start  the  test. 

Whenever  the  tape  is  to  be  removed  from  the  device, 
care  must  be  exercised  to  avoid  cutting  the  edge  of  the 
tape.  The  tape  may  be  run  completely  through  the  device, 
first  clearing  the  device  if  necessary,  before  operating 
the  roller-separating  lever.  If  the  tape  is  far  enough  out 
in  the  jaws  to  clear  the  knife,  the  lever  may,  of  course, 
be  operated  safely  whenever  desired. 

In  the  actual  test,  observations  should  be  made  at  the 
first  graduation  (which  will  probably  be  1  inch),  and 
successively  at  the  graduations  representing  i/8  yard, 
yard,  12  inches,  x/>  yard,  24  inches,  %  yard,  and  1  yard, 
and  at  each  subsequent  even-yard  graduation  to  the  ca¬ 
pacity  of  the  device.  In  the  upper  portion  of  the  indicat¬ 
ing  range,  at  least  one  observation  involving  some  frac¬ 
tional  part  of  a  yard  should  also  be  made.  For  each  of 
these  “normal”  observations  the  tape  should  be  advanced 
carefully  as  the  indicator  of  the  device  approaches  the 
graduation  at  which  the  observation  is  to  be  made,  and 
should  be  stopped  as  coincidence  between  indicator  and 
graduation  is  obtained ;  that  is,  the  tape  should  be  moved 
in  a  forward  direction  to  its  stopping  point.  If  inad¬ 
vertently  the  tape  is  moved  too  far,  thus  causing  the  in¬ 
dicator  to  overrun  the  desired  graduation,  the  tape  should 
be  run  backward  several  inches  and  should  then  again 
be  run  forward  to  the  proper  stopping  point,  thus  avoid¬ 
ing  the  introduction  of  any  backlash  error. 
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The  backlash  error  is  determined  as  follows:  Follow¬ 
ing  the  normal  observation  at  the  14-yard  graduation, 
advance  the  tape  a  few  inches  and  then  reverse  its  direc¬ 
tion,  “backing  up”  the  indicator  to  the  1,4-yard  gradua¬ 
tion  but  avoiding  overrunning  it.  If  the  second  tape  read¬ 
ing  is  less  than  the  first,  the  difference  between  the  tape 
readings  on  these  two  observations  represents  the  error 
caused  by  backlash  or  lost  motion  in  the  gear  train.  It  is 
recommended  that  as  a  check,  this  backlash  test  be  re¬ 
peated  at  least  once  at  some  higher  graduation.  Note 
that  if  an  appreciable  backlash  error  is  found  to  exist, 
the  backlash  test  should  also  be  repeated  at  any  gradua¬ 
tion  where  the  error  on  a  normal  observation  is  in  the 
direction  of  over-registration  and  approaches  in  amount 
the  value  of  the  applicable  tolerance. 

Testing  Outline 

(For  test  of  fabric-measuring  devices  by  weights  and 
measures  officials.) 

1.  Insert  the  testing  tape  and  advance  this  to  the  point 

where  a  precise  tape  reading  of  zero  is  obtained. 

2.  Clear  the  device  to  produce  zero  indication. 

3.  Advance  the  tape  until  the  indicator  of  the  device  is 

in  coincidence  with  the  first  graduation  (probably 
the  1-inch  graduation).  Read  the  error  from  the 
tape,  or  determine  that  the  error  is  within  the  ap¬ 
plicable  tolerance. 

4.  Advance  the  tape  until  the  indicator  is  in  coincidence 

with  the  i/g-yard  graduation.  Read  the  error  from 
the  tape,  or  determine  that  the  error  is  within  the 
applicable  tolerance. 

5.  Repeat  step  4  at  the  1,4-yard  indication. 

6.  Advance  the  tape  several  inches  and  then  reestablish 

coincidence  of  the  indicator  and  the  1,4 -yard  gradu¬ 
ation,  moving  the  tape  in  a  backward  direction. 
The  difference  between  the  tape  readings  on  steps 
5  and  6  is  in  the  backlash  error.  Rejection  of  the 
device  is  proper  if  the  actual  error  developed  on  the 
backward  observation  exceeds  the  applicable  toler¬ 
ance. 

7.  Repeat  step  4  at  the  12-inch,  14 -yard,  24-inch,  %-yard, 

and  1-yard  graduations,  at  each  subsequent  even 
yard,  and  at  some  graduation  representing  a  total 
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length  of  several  yards  and  a  fraction  of  a  yard. 
(If  at  any  point  the  device  develops  an  error  of 
over-registration  which  approaches  the  applicable 
tolerance,  repeat  step  6.) 
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Chapter  6.— TAXIMETERS 

Description. — A  taximeter  is  an  instrument  for  attach¬ 
ment  to  a  taxicab  to  compute  passenger  fares,  and  con¬ 
sists  essentially  of  a  system  of  mileage  gears,  and  usually 
a  clock  movement,  in  combination  with  a  fare-indicating 
mechanism.  The  gear  train  utilized  for  mileage  registra¬ 
tion  was  formerly  actuated  by  one  of  the  front  wheels  of 
the  cab,  with  which  it  was  connected  by  a  flexible  shaft; 
this  gear  train  is  now  almost  universally  actuated  by  the 
rear  wheels  of  the  cab  through  the  drive  shaft  or  “trans¬ 
mission”,  with  which  connection  is  made  by  means  of  a 
flexible  shaft.  The  clock  movement  is  of  the  ordinary  type. 
The  indicating  elements,  marked  in  terms  of  money 
values,  may  be  in  the  form  of  drums  or  discs.  A  manually- 
operated  “flag”  serves  as  the  control  by  means  of  which 
the  mileage  gears  and  the  clock  movement  are  connected 
with  and  disengaged  from  the  indicating  mechanism  and 
the  meter  face  is  cleared  of  the  accumulated  fare  for  a 
given  trip. 

On  a  taximeter  equipped  with  a  clock  movement,  the 
amount  of  the  fare  for  a  particular  trip  may  be  deter¬ 
mined  by  two  factors,  the  mileage  traveled  and  the 
amount  of  “waiting  time”.  Charges  for  waiting  time  are 
registered  as  a  result  of  clock  operation.  When  the  meter 
flag  is  in  the  position  for  normal  operation  of  the  meter 
(usually  designated  as  the  “Hired”  position),  the  clock 
automatically  causes  charges  to  accrue  at  the  waiting¬ 
time  rate  of  so  much  per  hour  while  the  cab  is  not  in 
motion  and  whenever  the  speed  of  the  moving  cab  drops 
below  the  point  at  which  the  rate  of  mileage  revenue  per 
unit  of  time  equals  the  waiting-time  rate.  At  another  posi¬ 
tion  of  the  flag  (usually  designated  as  the  “time  not  re¬ 
cording”  position),  the  clock  is  stopped  or  is  disconnected 
from  the  fare-indicating  elements;  with  the  flag  in  this 
position,  fare  will  be  registered  only  by  the  operation  of 
the  mileage  mechanism. 

Taximeters  may  be  equipped  with  separate,  manually 
operated,  “extras”  indicators  for  recording  fixed  charges 
for  extra  baggage,  extra  passengers,  and  the  like.  There 
may  also  be  totalizing  counters  or  their  equivalent  for 
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summarizing  the  indications  of  the  taximeter;  such  ele¬ 
ments  may  show  total  mileage,  mileage  for  which  fares 
have  been  collected,  number  of  trips  or  “flag  pulls”,  num¬ 
ber  of  unit  charges  in  addition  to  the  initial  charges 
which  have  been  registered  by  the  taximeter,  the  amount 
of  “extras”  registered,  and  the  like. 

Taximeters  are  so  designed  that  they  may  be  modified 
to  operate  at  different  rates  of  fare  for  mileage  and  wait¬ 
ing  time.  Changes  may  be  introduced  with  respect  to  (1) 
the  value  of  the  “initial  money  drop”,  registered  when  the 
flag  is  thrown  to  the  hired  position,  (2)  the  value  of 
subsequent  money  drops,  (3)  the  mileage  interval  cor¬ 
responding  to  the  initial  money  drop,  (4)  subsequent 
mileage  intervals,  (5)  the  waiting-time  rate,  (6)  the 
initial  and  subsequent  waiting-time  intervals,  and  (7) 
the  “extras”  units.  Modifications  may  also  be  made  to 
adapt  the  registration  to  tires  of  different  sizes,  by  means 
of  various  combinations  of  “change  gears”.  All  these 
modifications  are  shop  operations,  requiring  a  greater  or 
lesser  degree  of  disassembly  of  an  installation  or  a  tax¬ 
imeter. 

Inspection. — Taximeters,  and  taximeter  installations  on 
cabs,  should  be  individually  inspected  for  compliance  with 
the  applicable  requirements  of  general  specifications 
G-S.l.,  G-S.2.,  G-S.3.,  G-S.4.1.,  G-S.5.,  and  G-S.6.,  and 
general  regulations  G-R.2.,  G-R.3.,  and  G-R.5.,  and  with 
each  applicable  specification  requirement  of  the  code  for 
taximeters.  In  general,  inspection  should  precede  testing. 

Inspection  should  include  a  number  of  operations  de¬ 
signed  to  determine  whether  or  not  certain  parts  are 
functioning  properly.  The  flag  should  be  placed  in  each 
of  its  several  positions  to  determine  that  its  position  is 
correctly  indicated  on  the  taximeter  face  in  each  instance 
and  that  shutters  or  shields  operate  as  they  should ;  in 
these  operations  the  flag  should  be  operated  both  rapidly 
and  slowly,  and  in  a  backward  as  well  as  in  a  forward 
direction  whenever  the  backward  motion  is  proper.  The 
centering  of  figures  and  legends  in  their  apertures  should 
be  checked.  The  correct  “clearing”  of  the  taximeter  when 
the  flag  is  returned  to  its  “vacant”  or  highest  position, 
should  be  checked.  With  the  flag  in  the  “Time  Not  Re¬ 
cording”  position  it  should  be  noted  that  the  operation 
of  the  clock  is  actually  stopped  or  that  its  operation  does 
not,  in  fact,  cause  any  fare  registration.  The  extras 
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mechanism  should  be  checked  for  proper  sequence  of 
money  indications  for  its  full  range  or  up  to  an  indica¬ 
tion  of  about  $2,  and  for  proper  clearing  of  the  indica¬ 
tions  when  the  flag  is  returned  to  the  “vacant”  position. 

Each  of  the  specifications  of  the  taximeter  code  with 
the  exception  of  S.6.  and  S.9.,  and  in  addition,  taximeter 
note  N.l.  and  regulation  R.l.  and  all  of  the  general  re¬ 
quirements  cited  above  except  G-S.3.,  contain  require¬ 
ments  which  can  readily  be  checked  by  inspection,  and 
this  should  be  done.  If  the  inspection  is  of  an  installation 
previously  approved,  it  is  still  recommended  that  the  in¬ 
spection  be  complete,  and  in  addition  the  protective  seals 
previously  affixed  should  be  examined  for  security  and 
evidence  of  tampering. 

Testing  Apparatus. — There  are  three  types  of  mileage 
test  which  are  employed  for  taximeters,  (1)  the  “bench” 
test,  in  which  the  test  is  confined  to  the  taximeter  head 
with  or  without  a  gear  box  attached,  (2)  the  “road”  test, 
in  which  the  taximeter  is  mounted  on  the  cab  and  is 
actuated  by  travel  of  the  vehicle,  and  (3)  the  “wheel” 
test,  in  which  the  taximeter  is  mounted  on  the  cab  and 
cab  travel  is  simulated  by  rotation  of  the  wheel  or  wheels 
of  the  cab  while  the  vehicle  remains  at  rest.  The  advan¬ 
tages  and  disadvantages  of  these  three  types  of  test  will 
be  discussed  later  under  “Testing”. 

The  apparatus  required  for  a  bench  test  may  be  very 
simple  or  rather  elaborate.  The  essentials  are  some  means 
for  rotating  the  driving  spindle  of  the  taximeter,  and 
some  mechanical  means  for  counting  the  revolutions.  Ro¬ 
tation  can  be  accomplished  by  a  simple  hand  crank,  a 
method  which  is  acceptable  if  only  a  small  number  of 
tests  are  to  be  made.  If  a  considerable  number  of  tests 
are  to  be  made,  it  is  recommended  that  a  machine  be 
designed  employing  an  electric  motor  to  turn  the  tax¬ 
imeter  spindle,  power  being  transmitted  through  a  clutch 
which  can  be  engaged  or  disengaged  readily,  means  being 
provided  for  varying  the  speed  of  spindle  rotation  as 
desired,  and  a  bracket  being  provided  for  convenient 
mounting  of  the  taximeter  during  the  test.  If  the  number 
of  anticipated  tests  is  large,  such  a  machine  as  has  been 
described  can  well  be  modified  to  provide  several  brackets, 
so  that  tests  of  several  taximeters  can  be  carried  on  si¬ 
multaneously  ;  individual  clutches,  one  for  each  taximeter, 
will  be  required,  but  only  one  motor  will  be  needed.  In 
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all  cases  the  mechanical  counter  should  be  so  mounted 
that  complete  spindle  revolutions  will  automatically  be 
registered ;  one  counter  will  be  required  for  each  bracket 
provided.  A  dial  and  index  combination  for  each  bracket 
should  be  provided  so  that  partial  revolutions  of  the 
spindle  can  be  accurately  determined. 

A  measured  course  laid  out  on  some  street  or  road  is 
required  for  a  road  test  of  a  taximeter  installation.  The 
course  should  be  accurately  measured  and  should  be  as 
nearly  straight  and  level  as  practicable.  The  length  of 
the  course  should  be  one  or,  preferably,  two  miles.  Per¬ 
manent  markers  should  be  provided  to  establish  ac¬ 
curately  the  one-mile  points  and  such  subdivisions  as  are 
utilized  in  the  prevailing  taxicab  rates — half-miles,  third- 
miles,  quarter-miles,  fifth-miles,  etc.  If  a  choice  exists, 
the  course  should  be  located  where  traffic  is  relatively 
light. 

For  a  wheel  test  of  a  transmission-driven  taximeter  it 
is  necessary  to  provide  means  for  rotation  of  one  or  both 
of  the  rear  wheels  of  the  vehicle,  and  a  mechanical  counter 
to  register  the  number  of  wheel  revolutions.  The  cab  can 
be  jacked  up  on  one  side  and  the  raised  wheel  rotated 
by  means  of  a  hand  crank,  but  this  method  is  so  laborious 
that  it  is  not  recommended.  With  one  side  of  the  vehicle 
jacked  up  the  cab  motor  can  be  utilized  to  rotate  the 
raised  wheel  for  all  but  the  last  few  revolutions  preced¬ 
ing  a  money  drop,  the  final  revolutions  being  made  by 
hand  power.  With  the  same  set-up,  the  mechanical  coun¬ 
ter  can  be  so  mounted  that  it  can  be  disengaged  at  the 
instant  a  particular  money  drop  occurs,  thus  registering 
only  the  number  of  wheel  revolutions  required  for  the 
interval  under  observation.  (In  all  these  cases  where  only 
one  of  the  two  rear  vehicle  wheels  is  rotated,  the  other 
being  held  fast,  it  must  be  remembered  that  one  revolu¬ 
tion  of  the  single  wheel  has  the  same  effect  on  the  drive 
shaft  as  one-half  revolution  of  both  rear  wheels  simul¬ 
taneously  rotating  at  the  same  speed.)  A  fourth  method 
of  causing  wheel  rotation  is  by  means  of  two  rollers  or 
drums,  mounted  parallel,  and  forming  a  cradle  to  receive 
the  rear  wheels  of  the  cab.  One  of  these  rollers  or  drums 
is  driven  by  an  electric  motor  and  the  other  is  an  idler ; 
rotation  of  the  driven  roller  or  drum  causes  simultaneous 
rotation  of  both  of  the  wheels  with  which  it  is  in  con¬ 
tact.  Means  should  be  provided  for  varying  the  speed  of 
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operation  and  for  stopping  wheel  rotation  quickly  when 
desired.  This  form  of  apparatus  is  recommended  if  any 
appreciable  number  of  wheel  tests  are  to  be  made. 

With  the  old  type  of  mounting  in  which  the  taximeter 
is  driven  from  one  of  the  front  wheels  of  the  cab,  the 
apparatus  needed  for  a  wheel  test  is  similar  to  that  de¬ 
scribed  in  the  preceding  paragraph.  Power-operated 
means  for  causing  wheel  rotation  is  recommended. 

The  “time”  test  of  a  taximeter  requires  that  observa¬ 
tions  be  made  to  the  nearest  second.  An  ordinary  watch 
with  a  small  second  hand  is  not  satisfactory,  and  a  watch 
or  clock  having  a  sweep  second  hand  should  be  provided ; 
a  stop  watch  or  a  desk  type  of  interval  timer,  which  can 
be  started  from  and  reset  to  zero  time  as  desired,  will  be 
found  most  convenient. 

Testing  Procedure:  General  Considerations. — The  pur¬ 
pose  of  testing  a  taximeter  installation  is  to  determine 
whether  or  not  the  various  indications  on  the  face  of  the 
taximeter  occur  following  the  proper  number  of  revolu¬ 
tions  of  the  cab  wheel  or  the  proper  intervals  of  waiting 
time.  As  a  general  principle  the  test  should,  as  nearly 
as  may  be,  approximate  service  conditions.  However,  con¬ 
siderations  of  testing  expediency  make  it  advisable  to 
recommend  some  deviations  from  this  principle;  when¬ 
ever  this  is  done  the  deviation  is  believed  to  be  amply 
justified. 

Reference  has  been  made  under  ‘Testing  Apparatus” 
to  the  three  types  of  mileage  tests  employed  for  tax¬ 
imeters,  (1)  the  bench  test,  (2)  the  road  test,  and  (3)  the 
wheel  test.  The  bench  test  is  a  shop  test  of  the  taximeter 
itself,  disconnected  from  other  elements  of  a  complete 
installation,  except  that  the  gear  box  may  be  attached. 
This  test  makes  possible  a  very  complete  and  satisfactory 
examination  of  the  taximeter  head,  and  it  is  recom¬ 
mended  in  all  cases.  The  time  test  of  the  taximeter  is 
most  satisfactorily  made  in  conjunction  with  the  bench 
test.  Obviously,  the  bench  test  should  be  supplemented 
by  some  form  of  test  of  the  complete  installation,  after 
the  taximeter  is  mounted  on  the  cab  on  which  it  is  to  be 
used. 

The  road  test  is  recommended  as  the  supplement  to 
the  bench  test.  The  wheel  test  merely  simulates,  without 
duplicating,  the  road  test,  and  is  the  recommended  alter¬ 
native  to  the  road  test  if  the  latter  can  not  be  made. 
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Either  of  these  tests  enables  the  official  to  check  the 
accuracy  or  correct  functioning  of  all  gears,  cables,  and 
connections  between  the  taximeter  head  and  the  driving 
wheels.  In  addition  to  this,  the  road  test  has  the  advan¬ 
tage  of  subjecting  the  parts  of  the  assembly  to  road 
shocks  such  as  are  encountered  in  normal  taxicab  opera¬ 
tion  ;  simulation  of  these  by  artificial  means  is  not  recom¬ 
mended.  In  a  wheel  test,  computations  must  be  made  in 
relation  to  tire  sizes;  these  are  eliminated  in  the  road 
test,  where  the  tires  are  operated  under  actual  service 
conditions.  Objections  which  may  be  advanced  against 
the  road  test  are  the  time  consumed,  the  difficulty  of  driv¬ 
ing  a  perfectly  straight  course  throughout  the  test  with 
the  possibility  of  introducing  some  slight  inaccuracy  in 
the  distance  assumed  to  have  been  traveled  by  the  cab, 
and  the  limited  distances  for  which  it  is  practicable  to 
operate  a  cab  on  this  test ;  opposed  to  these  are  the  advan¬ 
tages  of  testing  under  actual  service  conditions. 

While  it  is  possible  to  conduct  as  a  part  of  a  wheel  or 
road  test  all  of  the  operations  which  will  be  specified 
later  in  the  detailed  consideration  of  the  bench  test,  this 
is  not  considered  practicable  and  is  not  recommended. 
These  operations  may  be  performed  much  more  satis¬ 
factorily  and  conveniently  in  the  shop,  and  the  cab  is 
kept  out  of  service  for  a  shorter  period. 

The  recommended  system  of  bench  tests  supplemented 
by  road  tests  (or  wheel  tests)  operates  in  this  manner: 
From  the  stocks  of  taximeters  in  the  possession  of  taxi¬ 
cab  or  taximeter  companies,  the  official  “bench-tests”  a 
supply  of  taximeter  heads;  those  found  correct  are  suit¬ 
ably  tagged,  and  these  comprise  the  stock  from  which 
installations  will  be  made.  Then  whenever  one  of  these 
correct  heads  is  installed  on  a  cab,  the  official  conducts 
the  final  examination  as  a  road  test,  approving  and  seal¬ 
ing  the  complete  installation  if  it  is  found  that  the  in¬ 
stallation  meets  specification  requirements  and  that  all 
of  the  auxiliary  elements  and  the  effective  size  of  tires 
on  the  driving  wheels  properly  combine  with  the  taxi¬ 
meter  head  to  produce  accurate  performance.  The  sepa¬ 
rate  test  of  the  taximeter  heads  is  practicable,  because 
each  make  or  model  of  taximeter  is  designed  to  have  its 
own  standard  number  of  spindle  revolutions  per  indicated 
mile.  The  official  approves  taximeter  heads  which  are 
“standard”  within  prescribed  tolerances.  The  mechanic 
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installing  a  taximeter  then  selects  the  auxiliary  gears 
required  for  the  installation  with  the  knowledge  that  the 
taximeter  head  is  “standard”,  choosing  these  gears  ac¬ 
cording  to  the  number  of  revolutions  per  mile  of  the  tires 
with  which  the  cab  is  equipped.  The  official's  road  test  of 
the  finished  installation  then  checks  the  accuracy  of  what 
the  mechanic  has  done. 

Testing  Procedure:  Time  Test. — The  time  test  of  a  tax¬ 
imeter  consists  of  timing  the  intervals  between  money 
drops,  and  is  conveniently  divided  into  a  “separate-in¬ 
terval”  test  and  an  “average-interval”  test.  In  the  sepa¬ 
rate-interval  test,  the  times  elapsing  between  successive 
money  drops  are  separately  determined.  Considering  only 
the  accuracy  and  completeness  of  the  results,  this  test 
should  be  continued  for  an  hour  or  more;  however,  if  a 
minimum  of  the  first  five  intervals  are  found  to  be  in¬ 
dividually  accurate,  it  is  suggested,  as  a  matter  of  testing 
expediency,  that  the  separate-interval  test  be  discontinued 
at  that  point. 

The  separate-interval  test  is  initiated  by  throwing  the 
taximeter  flag  to  the  “Hired”  position  and  simultaneously 
starting  the  stop  watch  or  timer.  At  the  instant  the  next 
money  drop  occurs  the  elapsed  time  to  the  nearest  second 
is  noted  from  watch  or  timer  and  this  is  recorded.  (The 
watch  or  timer  is  not  stopped,  but  will  be  allowed  to  con¬ 
tinue  running  throughout  the  entire  period  of  the  time 
test.)  Similar  observations  are  made  and  recorded  as 
subsequent  money  drops  occur. 

To  illustrate  a  convenient  method  of  recording  these 
observations  and  computing  the  results,  assume  that  the 
taximeter  under  test  has  (1)  an  initial  money  drop  of  20 
cents,  (2)  subsequent  money  drops  of  10  cents,  (3)  a 
nominal  initial  time  interval  of  8  minutes,  and  (4)  a 
time  rate  of  $1.50  an  hour  or  10  cents  for  each  4  min¬ 
utes.  The  recorded  results  might  then  be : 


Meter  No. 

Drop 

Elapsed 

time 

Start 

0:0 

30 

8:10 

40 

12:14 

50 

16:14 

60 

20:12 

70 

24:14 

Error  in 
seconds 


Interval 
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The  first  interval  has  been  designated  as  the  30-cent 
drop,  the  second  as  the  40-cent  drop,  and  so  on.  Actually 
these  money  values  are  those  corresponding  to  the  second 
interval,  the  third  interval,  and  so  on,  but  these  are  the 
values  recorded  by  the  taximeter  at  the  conclusion  of  the 
first  interval,  the  second  interval,  and  so  on.  It  is  simpler 
to  record  these  values  as  they  are  observed,  and  this  in¬ 
troduces  no  complications  in  subsequent  computations. 
Note  that  in  the  Elapsed  Time  column  the  entries  are  the 
actual  readings  of  the  timer  as  the  indicated  money  drops 
occur. 

The  computations  to  be  entered  in  the  third  and  fourth 
columns  of  the  data  sheets  should  be  made  immediately 
following  entry  of  the  observed  values ;  after  five  observa¬ 
tions  have  been  recorded  as  above,  the  sheet  would  appear 
as  follows : 


Meter  No. 
Drop 

Start 

Elapsed 

time 

0:0 

Interval 

Error  in 
seconds 

30 

8:10 

8:10 

10 

40 

12:14 

4:04 

4 

50 

16:14 

4:00 

0 

60 

20:12 

3:58 

2 

70 

24:14 

4:02 

2 

These  errors  being  small  as  compared  with  the  pre¬ 
scribed  tolerances,  the  official  may  discontinue  the  sepa¬ 
rate-interval  test  and  proceed  at  once  with  the  average- 
interval  test.  If,  on  the  contrary,  the  results  were  to 
indicate  erratic  performance  or  errors  nearly  equaling 
the  tolerances,  the  separate-interval  test  should  be  carried 
on  for  a  total  of  ten  or  more  observations.  (It  may  be 
noted  here  that  if  a  taximeter  is  to  be  rejected  because 
of  errors  developed  on  the  separate-interval  test,  little 
purpose  will  be  served  by  proceeding  with  an  average- 
interval  test.) 

Proceeding  to  the  average-interval  test,  the  taximeter 
is  not  cleared  at  the  conclusion  of  the  separate-interval 
observations,  nor  is  the  timer  stopped.  Operation  is  con¬ 
tinued  for  at  least  one  hour,  without  intervening  observa¬ 
tions.  When  the  test  is  to  be  concluded,  the  time  at  which 
a  money  drop  occurs  is  observed  and  recorded,  after 
which  the  taximeter  may  be  cleared.  Thus  in  the  example, 
the  data  sheet  might  read  as  follows  at  the  conclusion  of 
the  time  test: 
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Meter  No. 
Drop 

Elapsed 

time 

Interval 

Error  in 
seconds 

30 

8:10 

8:10 

10 

40 

12:14 

4:04 

4 

50 

16:14 

4:00 

0 

60 

20:12 

3:58 

2 

70 

2.20 

24:14 

84:51 

4:02 

2 

The  tolerance  on  the  average  time  interval  specifies 
that  the  initial  interval  shall  be  excluded.  The  computa¬ 
tion  in  the  example  would  be :  The  difference  between 
$2.20  and  30  cents  is  $1.90,  representing  the  charge  for 
nineteen  10-cent  intervals,  each  having  a  nominal  time 
value  of  4  minutes.  The  nominal  elapsed  time  for  these 
19  intervals  is  76  minutes  (19  X  4  minutes).  The  actual 
elapsed  time  for  these  19  intervals  is  the  difference  be¬ 
tween  84  minutes  51  seconds  and  8  minutes  10  seconds, 
or  76  minutes  41  seconds.  The  total  error  on  the  19  in¬ 
tervals  is,  therefore,  41  seconds  in  the  direction  of  under¬ 
registration,  and  the  average  error  is  41  seconds  divided 
by  19,  or  slightly  more  than  2  seconds  per  interval. 

The  official  can  readily  conduct  time  tests  on  several 
taximeters  simultaneously  by  staggering  the  starting 
times — for  example,  starting  the  tests  at  30-second  or 
1-minute  intervals.  Unless  the  clock  mechanisms  are  very 
irregular,  there  should  be  ample  time  between  money 
drops  for  recording  and  computing.  The  time  test  can 
be  made  either  before  the  bench  mileage  test  is  begun  or 
after  it  has  been  concluded. 

Testing  Procedure:  Bench  Mileage  Test. — The  primary 
objective  of  the  bench  test  is  to  determine  that  the 
mileage-drop  mechanism  of  the  taximeter  is  functioning 
properly.  Many  taxicab  trips  are  for  relatively  short  dis¬ 
tances,  involving  only  the  first  few  money  drops.  It  is  in 
the  first  few  drops  that  the  largest  percentage  errors  of 
registration  are  apt  to  occur.  It  is  proper,  therefore,  to 
give  special  attention  to  the  performance  of  the  taximeter 
throughout  this  portion  of  its  range.  But  a  test  dealing 
only  with  the  first  few  drops  does  not  bring  all  of  the 
taximeter  parts  into  operation  in  a  way  to  demonstrate 
that  they  are  functioning  correctly,  and  so  there  must  be 
included  a  test  corresponding  to  a  greater  traveled  dis¬ 
tance.  For  convenience  of  reference  these  two  divisions 
of  the  bench  test  may  be  referred  to  as  the  “short-haul” 
and  the  “long-haul”  tests. 
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In  the  short-haul  test  the  flag  should  be  in  the  “Time 
Not  Recording”  position  so  that  only  the  mileage  portion 
of  the  mechanism  will  affect  the  registration,  and  the 
mechanism  should  be  operated  at  a  slow  speed  so  that 
observations  may  be  made  with  precision.  (The  official  is 
cautioned  that  taximeters  may  be  so  constructed  that  the 
registering  mechanism  is  advanced  whether  the  spindle 
is  rotated  in  a  forward  or  in  a  backward  direction.)  Each 
interval  of  the  first  mile — and  preferably  of  the  second 
mile  also — as  represented  by  separate  money  drops, 
should  be  tested,  and  the  initial  interval  should  be  tested 
several  additional  times.  It  may  be  noted  that  errors  on 
successive  intervals  may  be  in  opposite  directions,  and 
that  errors  on  the  several  tests  of  the  initial  interval  may 
be  found  to  be  inconsistent  among  themselves  and  with 
errors  on  subsequent  intervals.  Errors  in  terms  of  spindle 
revolutions  are  computed  by  comparing  the  actual  num¬ 
ber  of  revolutions  for  a  given  mileage  interval  with  the 
nominal  number  of  revolutions  for  that  interval.  The 
nominal  equivalent  of  one  revolution  in  terms  of  feet  of 
vehicle  travel  is  arrived  at  by  dividing  5280  by  the  nom¬ 
inal  number  of  revolutions  per  mile. 

In  the  long-haul  test  the  flag  may  be  in  either  the 
“Hired”  or  the  “Time  Not  Recording”  position,  and  the 
speed  of  operation  should  be  increased  at  least  to  one 
corresponding  to  the  maximum  anticipated  operating 
speed  of  the  taxicab — not  less  than  40  miles  per  hour. 
It  will  be  desirable  that  the  operating  speed  of  the  taxi¬ 
meter  in  this  test  be  several  times  the  value  just  stated; 
such  a  speed  will  not  be  harmful  to  the  taximeter  mech¬ 
anism,  and  has  the  advantage  that  it  may  disclose  some 
conditions  such  as  loose  or  worn  parts  which  would  not 
be  disclosed  by  a  test  at  slow  speed  and  which  will  even¬ 
tually  manifest  themselves  in  the  course  of  service  opera¬ 
tion.  In  the  long-haul  test  the  taximeter  should  be  oper¬ 
ated  continuously  for  an  interval  of  not  less  than  5  miles 
and  preferably  for  a  10-mile  interval.  Throughout  the 
test  the  taximeter  should  be  kept  under  observation  so 
that  any  sticking  of  the  money  drops,  any  failure  of 
money  drops  to  occur  in  the  proper  sequence,  any  incor¬ 
rect  alinement  of  figures,  or  any  other  abnormal  condi¬ 
tion  may  be  discovered ;  conditions  such  as  these  are,  of 
course,  proper  cause  for  rejection. 

Under  certain  conditions  there  may  be  some  interfer- 
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ence  between  the  time  mechanism  and  the  mileage  mech¬ 
anism,  resulting  in  over-registration  of  the  taximeter 
when  operated  with  the  flag  in  the  “Hired”  position.  A 
final  “interference”  test  should  therefore  be  made  to  de¬ 
termine  if  this  interference  exists;  this  test  consists  of 
determining  the  taximeter  performance  when  the  taxi¬ 
meter  is  in  the  “Hired”  condition  and  then  comparing 
this  with  the  performance,  as  previously  determined, 
when  the  taximeter  was  in  the  “Time  Not  Recording” 
condition. 

When  the  interference  just  mentioned  does  occur,  it  is 
most  pronounced  at  cab  speeds  just  slightly  in  excess  of 
the  “speed  of  rate  agreement”,  which  may  be  defined  as 
the  speed  at  which  basic  mileage  and  waiting-time  rates 
correspond — -that  is,  the  speed  at  which  the  basic  rate  of 
mileage  revenue  per  unit  of  time  equals  the  basic  waiting¬ 
time  rate.  By  “basic”  rate  is  meant  the  rate  for  other 
than  the  initial  interval.  To  arrive  at  the  “speed  of  rate 
agreement”  for  a  particular  taximeter,  first  determine 
the  money  value  of  1  minute  of  waiting  time,  second  de¬ 
termine  the  mileage  corresponding  to  this  1-minute  wait¬ 
ing-time  value,  and  finally  multiply  this  mileage  by  60  to 
get  the  required  speed  in  miles  per  hour.  For  example: 
Assume  a  taximeter  having  a  basic  waiting-time  rate  of 
10  cents  per  2  minutes  and  a  basic  mileage  rate  of  10 
cents  per  Ve  mile.  The  money  value  per  minute  of  waiting 
time  is  10  cents  divided  by  2,  or  5  cents.  The  mileage 
corresponding  to  5  cents  is  %  mile  divided  by  2,  or  V6  mile. 
Multiplying  %  by  60  the  result  is  6%,  which  equals  10; 
ten  miles  per  hour  is  therefore  the  “speed  of  rate  agree¬ 
ment”  on  this  particular  taximeter.  In  any  particular 
community  only  a  limited  number  of  rates — perhaps  only 
one — will  be  in  effect,  so  the  computation  outlined  need 
be  made  only  a  few  times  at  most. 

The  interference  test  is  made  by  throwing  the  taxi¬ 
meter  flag  from  the  “vacant”  to  the  “hired”  position, 
and  immediately  thereafter  operating  the  taximeter  for 
a  1-mile  interval  at  a  speed  corresponding  to  a  cab  speed 
of  2  or  3  miles  per  hour  greater  than  the  “speed  of  rate 
agreement”.  The  performance  of  the  taximeter  on  this 
test  should  be  in  substantial  agreement  with  that  pre¬ 
viously  observed  for  the  same  mileage  interval  when  the 
flag  was  in  the  “Time  Not  Recording”  position. 

The  accuracy  criterion  for  the  bench  test  is  the  nominal 
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number  of  spindle  revolutions  per  indicated  mile.  It 
should  be  remembered  that  one  revolution  of  the  spindle 
corresponds  to  many  revolutions  of  the  driving  wheels 
of  a  taxicab.  Thus  an  error  of  even  a  fractional  part  of 
a  spindle  revolution  may  represent  a  cab  travel  of  a  very 
considerable  distance.  Gear  boxes  may  or  may  not  be 
attached  during  the  bench  test ;  the  reduction  which  they 
introduce  may  safely  be  computed. 

If  a  taximeter  is  designed  to  issue  a  statement  or  re¬ 
ceipt  on  which  the  passenger  charges  are  automatically 
printed,  the  accuracy  and  legibility  of  the  printed  state¬ 
ment  are  equally  as  important  as  the  accuracy  and  legi¬ 
bility  of  the  indications  on  the  taximeter  face.  The  official 
should  critically  examine  all  of  the  slips  issued  by  the 
taximeter  in  the  course  of  the  test,  requiring  legibility 
and  agreement  between  printed  statements  and  taximeter 
indications  in  all  cases.  (In  a  taximeter  of  this  design, 
the  totalizing  counters  ordinarily  provided  may  be  re¬ 
placed  by  means  for  automatically  printing  a  summary 
record  of  taximeter  operations  on  a  tape  retained  within 
the  housing.  The  attitude  of  the  official  toward  this  record 
should  be  the  same  as  toward  the  totalizing  counters,  as 
discussed  below.) 

The  totalizing  counters  of  a  taximeter  are  essential 
parts  of  the  registering  elements,  and  are  utilized  by  cab 
companies  in  auditing  the  accounts  of  the  drivers  and 
compiling  records  of  cab  operation.  These  counters  do 
not,  however,  have  any  direct  relation  to  the  fares  paid 
by  passengers,  and  so  are  of  secondary  weights  and  meas¬ 
ures  importance.  The  operation  of  the  totalizing  count¬ 
ers  should  be  checked  against  the  performance  of  the 
taximeter  during  test,  by  comparing  their  indications  at 
the  beginning  and  at  the  end  of  the  test  for  proper  regis¬ 
tration  of  all  operations  which  have  been  performed ;  also, 
intermediate  checks  should  be  made  from  time  to  time. 
Rejection  of  a  taximeter  solely  because  the  totalizing 
counters  are  inaccurate  or  inoperative  is  of  doubtful 
legality  under  the  National  Conference  code,  but  any 
inaccuracies  found  in  these  elements  should  certainly  be 
reported  to  the  proper  parties — taximeter  company  or 
taxicab  company,  as  the  case  may  be. 

Taximeters  can  be  constructed  to  register  mileage  fares 
at  either  one  of  two  rates,  to  meet  the  situation  where  a 
higher  rate  may  be  authorized  for  carrying  more  than  a 
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specified  number  of  passengers.  Legal  provision  for  two- 
tariff  taximeters  is  not  recommended,  because  of  the 
probability  that  overcharges  will  be  made,  inadvertently 
or  otherwise,  by  exacting  fares  at  the  higher  rate  from 
passengers  who  should  rightfully  be  carried  at  the  lower 
rate.  A  two-tariff  taximeter  must  be  given  a  complete 
mileage  test  for  each  tariff,  because  different  sets  of  gears 
are  used  for  the  two  rates  and  each  set  must  be  checked. 

Testing  Procedure :  Road  Mileage  Test. — When  a  tax¬ 
imeter  head  which  has  already  been  approved  after  a 
bench  test  is  installed  on  a  taxicab,  the  purpose  of  the 
road  test  is  to  check  the  accuracy  of  the  taximeter  in 
combination  with  all  of  the  other  elements  of  the  com¬ 
plete  installation  under  conditions  of  actual  road  travel. 
Normally  this  test  will  not  involve  stopping  of  the  ve¬ 
hicle  at  each  money  drop,  but  will  comprise  two  1-mile 
or  2-mile  runs,  observations  being  made  for  the  total  in¬ 
terval  in  each  case.  However,  during  each  run  the  tax¬ 
imeter  should  be  kept  under  close  observation  to  detect 
any  effects  of  road  shocks  on  the  mechanism  or  any  ab¬ 
normality  of  operation  of  the  indicating  elements. 

With  the  cab  accurately  positioned  at  one  end  of  the 
course,  the  flag  should  be  thrown  to  the  “Time  Not  Re¬ 
cording”  position ;  this  is  to  insure  that  the  clock  mech¬ 
anism  will  not  affect  the  registration  should  it  become 
necessary  to  stop  the  cab  during  the  run.  The  cab  should 
then  be  driven  over  the  course,  being  operated  at  maxi¬ 
mum  legal  speed  and  traveling  as  nearly  as  may  be  in  a 
straight  line.  The  cab  should  be  stopped  at  the  instant 
when  the  money  drop  corresponding  to  the  1-mile  (or  2- 
mile)  interval  occurs.  The  distance  by  which  the  cab  is 
short  of  or  beyond  the  corresponding  course  marker  is 
the  error,  which  can  be  determined,  if  necessary,  by 
measuring  with  a  steel  tape.  If  the  drop  occurs  before 
the  marker  is  reached,  the  error  is  in  the  direction  of 
over-registration,  and  vice  versa. 

If  the  road  test  is  the  only  test  made,  this  should  be 
expanded  to  include  as  much  as  possible  of  the  bench  test 
as  previously  described,  including  the  time  test  and,  of 
course,  complete  inspection.  For  this  combined  test,  at 
least  the  following  procedure  should  be  followed:  (1) 
With  the  taximeter  in  the  “Time  Not  Recording”  condi¬ 
tion,  test  each  individual  interval  for  the  first  two  miles, 
the  cab  being  driven  at  slow  speed  so  that  it  can  be 
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stopped,  if  required,  at  the  instant  at  which  a  drop  occurs, 
for  accurate  determination  of  the  error.  Repeat  the  test 
on  the  initial  interval  at  least  twice.  (2)  With  the  tax¬ 
imeter  in  the  “Hired”  condition,  retest  the  first  1-mile 
interval,  the  cab  being  driven  at  a  speed  of  2  or  3  miles 
per  hour  greater  than  the  “speed  of  rate  agreement”  0 ; 
the  error  should  be  in  substantial  agreement  with  the 
error  for  this  same  interval  when  the  flag  was  in  the 
“Time  Not  Recording”  position.  During  this  test  the  cab 
should  not  be  stopped  and  its  speed  should  not  at  any 
time  drop  below  that  specified  for  this  test ;  should  a  stop 
or  “slow  down”  be  unavoidable,  the  test  should  be  rerun. 
(3)  With  the  taximeter  in  the  “Time  Not  Recording” 
condition,  test  the  first  2-mile  interval — or,  as  an  alterna¬ 
tive,  make  two  tests  of  the  first  1-mile  interval — ,  the 
cab  being  driven  at  the  maximum  legal  speed.  Record 
observations  for  the  total  interval  only,  but  keep  the  taxi¬ 
meter  under  close  observation  to  check  for  sticking  of 
money  drops,  improper  sequence  of  money  drops,  poor 
alinement  of  figures,  and  any  other  abnormal  condition, 
and  particularly  for  premature  money  drops  which  might 
occur  as  a  result  of  road  shocks. 

If  there  is  any  question  about  compliance  with  toler¬ 
ances,  the  official  should  not  estimate  distances  from  the 
moving  cab.  No  rougher  approximation  than  the  pacing 
of  the  distance  between  the  points  in  question  should  be 
resorted  to.  As  each  money  drop  defining  an  interval  un¬ 
der  test  occurs,  the  cab  should  be  stopped,  the  cab  driver 
being  on  the  alert  to  make  a  quick  stop  upon  signal  by 
the  official.  The  official  should  be  sufficiently  familiar  with 
the  location  of  the  markers  on  the  testing  course  so  that 
when  intervals  are  merely  being  checked,  as  distinguished 
from  being  tested,  he  can  mentally  mark  the  spot  where 
a  drop  occurs  and  determine  at  once  if  it  is  advisable  to 
stop  the  cab  and  determine  the  actual  error  by  measuring 
the  distance  from  that  spot  to  the  proper  marker. 

Testing  Procedure:  Wheel  Mileage  Test. — It  has  al¬ 
ready  been  pointed  out  that  a  wheel  test  is  an  expedient 
for  testing  a  complete  taximeter  installation  when  the 
preferred  road  test  can  not  be  made.  This  test  involves 
computations  of  cab  travel  based  upon  number  of  wheel 
revolutions  and  mean  effective  circumference  of  the  tires 
with  which  the  cab  is  equipped.  In  any  given  area  the 
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number  of  varieties  of  tires  used  on  taxicabs  will  prob¬ 
ably  not  be  very  large,  and  it  will  be  convenient  for  the 
official  to  compile  a  table,  of  the  makes,  kinds,  and  sizes 
of  tires  commonly  used,  showing  for  each  its  revolutions 
per  mile  and  fraction  of  a  mile. 

Except  for  the  added  step  of  converting  data  observed 
in  terms  of  wheel  revolutions  into  terms  of  cab  travel, 
the  procedure  for  the  wheel  test  is  essentially  the  same 
as  for  the  road  test.  In  the  wheel  test  the  count  of  wheel 
revolutions  is  compared  with  the  appropriate  value  from 
the  table  discussed  in  the  preceding  paragraph,  just  as 
in  the  road  test  the  position  of  the  cab  is  compared  with 
the  markers  of  the  testing  course. 

Testing  Procedure:  Sealing. — The  term  “sealing”  is 
here  used  in  two  senses — sealing  to  provide  security,  and 
sealing  to  indicate  official  approval.  In  the  first  sense,  a 
taximeter  head  found  correct  on  a  bench  test  should  at 
once  be  so  sealed  with  lead-and-wire  seals  that  adjust¬ 
ments  or  changes  which  would  affect  its  performance  can 
not  be  made  without  mutilation  of  the  seals.  When  a  com¬ 
plete  installation  on  a  taxicab  is  approved,  each  of  the 
several  connections  from  taximeter  head  to  transmission 
(or  wheel)  should  be  similarly  sealed. 

To*  indicate  to  the  riding  public  the  official  approval  of 
a  taximeter  installation,  a  conspicuous  seal  of  approval 
should  be  applied  to  the  face  of  the  taximeter  head.  The 
shape,  size,  and  location  of  this  seal  should  be  such  that 
no  required  legend  or  indication  of  the  taximeter  is  ob¬ 
scured.  These  seals  should  be  dated  and  should  be  marked 
to  show  the  size  of  tires  for  which  the  installation  has 
been  approved. 

When  a  taximeter  head  is  approved  on  a  bench  test 
it  is  advisable  that  it  be  tagged  to  show  this  fact,  the  tag 
being  attached  by  a  lead-and-wire  seal.  This  tag  will  re¬ 
main  on  the  taximeter  until  it  is  replaced  by  a  seal  of 
approval  as  the  final  act  of  approving  a  complete  installa¬ 
tion. 


Testing  Outlines 

(For  tests  of  taximeters  by  weights  and  measures  officials.) 

Case  I.  Time  test: 

1.  Throw  flag  from  “Vacant”  to  “Hired”  position 
and  simultaneously  start  watch  or  timer. 
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2.  Note  time,  to  nearest  second,  at  which  second 

money  drop  occurs.  Record  time  and  compute 
error  for  first  time  interval. 

3.  Note  time,  to  nearest  second,  at  which  third 

money  drop  occurs.  Record  time  and  compute 
interval  and  error  for  second  time  interval. 

4.  Proceed  as  in  step  3  for  the  third,  fourth,  and 

fifth  time  intervals.  If  errors  are  seriously  in¬ 
consistent  or  are  close  to  the  tolerance,  con¬ 
tinue  as  in  step  3  for  each  time  interval  through 
the  tenth;  otherwise  go  at  once  to  step  5. 

5.  At  conclusion  of  the  separate-interval  portion  of 

the  test — steps  1  through  4 — allow  taximeter 
operation  to  continue  for  approximately  1  hour. 
Note  time  at  which  next  money  drop  occurs. 
Compute  total  elapsed  time  and  total  error  for 
all  time  intervals  from  the  second  to  the  final 
one,  inclusive  (the  initial  time  interval  is  ex¬ 
cluded),  and  divide  this  total  error  by  the  num¬ 
ber  of  intervals  involved  to  arrive  at  the  aver¬ 
age  error. 

Case  II.  Bench  test,  short-haul  portion : 

1.  Throw  flag  from  “Vacant”  to  “Time  Not  Record¬ 

ing”  position. 

2.  Rotate  taximeter  spindle  slowly  until  second 

money  drop  occurs.  Stop  rotation  of  spindle  at 
the  instant  the  drop  occurs,  note  and  record 
exact  number  of  revolutions,  to  the  nearest 
eighth-revolution  at  least,  required  to  cause 
drop,  and  compute  the  error.  This  is  a  test  of 
the  initial  mileage  interval. 

3.  Resume  rotation  of  the  spindle  at  a  slow  speed 

and  continue  until  the  instant  of  the  third 
money  drop.  Note  and  record  as  before  the  ex¬ 
act  number  of  revolutions  from  the  start  of  the 
test;  this  will  be  the  number  of  revolutions 
corresponding  to  the  first  two  mileage  intervals, 
and  by  comparison  with  the  number  for  the 
initial  interval,  the  number  corresponding  to  the 
second  interval  may  be  derived  and  the  error 
for  the  second  interval  can  then  be  computed. 

4.  Continue  as  in  step  3  to  determine  the  error  for 

each  separate  mileage  interval  for  at  least  the 
first  mile  and  preferably  for  the  first  2  miles. 
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5.  Repeat  steps  1  and  2  at  least  twice. 

6.  From  time  to  time  observe  indications  of  totaliz¬ 

ing  counters  to  see  that  these  register  ac¬ 
curately. 

Case  III.  Bench  test,  long-haul  portion: 

1.  Throw  flag  from  the  “Vacant”  position  to  either 

the  “Hired”  or  the  “Time  Not  Recording”  posi¬ 
tion. 

2.  Rotate  taximeter  spindle  at  relatively  fast  speed 

for  at  least  a  5-mile  interval  and  preferably  for 
a  10-miie  interval.  Slow  down  the  rotation  just 
before  the  occurrence  of  the  drop  which  defines 
the  interval  under  test,  stopping  the  rotation  at 
the  instant  this  drop  occurs.  Keep  taximeter 
face  under  observation  throughout  this  step  to 
check  on  correct  functioning  of  indicating  parts. 
Record  the  number  of  revolutions  and  compute 
the  error  for  the  total  interval  as  in  step  2  of 
case  II. 

3.  Throw  flag  from  “Vacant”  to  “Hired”  position. 

4.  Without  delay,  rotate  taximeter  spindle  for  a  1- 

mile  interval  at  a  speed  corresponding  to  a  cab 
speed  of  2  or  3  miles  per  hour  greater  than  the 
“speed  of  rate  agreement”.  Proceed  as  in  step 
2  to  determine  the  error  on  this  total  interval. 
Compare  this  error  with  the  error  for  the  first 
1-mile  interval  as  determined  under  case  II; 
they  should  be  in  substantial  agreement. 

5.  Check  totalizing  counters. 

6.  If  taximeter  head  is  approved,  affix  appropriate 

security  seals  to  taximeter  housing  and  attach 
approval  tag. 

Case  IV.  Road  mileage  test,  the  taximeter  head  having 
previously  been  approved  on  a  bench  mile¬ 
age  test: 

1.  Position  taxicab  accurately  at  one  end  of  test¬ 

ing  course  and  throw  flag  from  “Vacant”  to 
“Time  Not  Recording”  position. 

2.  Drive  cab  over  testing  course  at  maximum  legal 

speed  for  2-mile  run.  (If  the  course  is  shorter 
than  2  miles,  the  run  should  be  for  the  full 
length  of  the  course.)  Slow  down  just  before 
the  occurrence  of  the  drop  which  defines  the 
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interval  under  test,  stopping  at  the  instant  this 
drop  occurs.  Keep  taximeter  face  under  obser¬ 
vation  throughout  the  run  to  check  on  correct 
functioning  of  indicating  parts.  From  the  posi¬ 
tion  of  the  cab  on  the  course,  determine  the 
error  on  the  total  interval  under  test. 

3.  Repeat  step  2. 

4.  If  installation  is  approved,  affix  appropriate  se¬ 

curity  seals  to  connections  and  affix  approval 
seal  to  taximeter  face. 

Case  V.  Road  mileage  test,  when  'the  taximeter  head 
has  not  previously  been  given  a  bench  mile¬ 
age  test: 

1.  Position  taxicab  accurately  at  one  end  of  the 

testing  course  and  throw  flag  from  “Vacant" 
to  “Time  Not  Recording"  position. 

2.  Drive  cab  at  slow  speed,  stopping  at  the  instant 

the  second  money  drop  occurs.  From  the  posi¬ 
tion  of  the  cab  on  the  course,  determine  the 
error  on  the  initial  mileage  interval. 

3.  Resume  cab  travel  at  slow  speed,  stopping  at  the 

instant  of  the  third  money  drop.  From  the 
position  of  the  cab  on  the  course,  determine 
the  error  for  the  first  two  mileage  intervals 
and,  by  computation,  determine  the  error  for 
the  second  mileage  interval. 

4.  Continue  as  in  step  3  to  determine  the  error  for 

each  separate  mileage  interval  for  at  least 
the  first  mile  and,  preferably,  for  the  first  two 
miles  if  the  course  is  that  long. 

5.  Repeat  at  least  twice  steps  1  and  2,  except  that 

the  cab  may  be  positioned  accurately  at  any 
convenient  intermediate  marker  of  the  course 
at  the  beginning  of  the  second  or  subsequent 
repeat  tests. 

6.  Position  the  cab  accurately  at  one  end  of  the 

course,  throw  the  flag  from  the  “Vacant"  to 
the  “Hired"  position,  and  drive  the  cab  at  a 
speed  of  2  or  3  miles  per  hour  greater  than 
the  “speed  of  rate  agreement",  stopping  at  the 
instant  of  the  money  drop  defining  the  first 
1-mile  interval.  This  test  must  be  run  with¬ 
out  intermediate  stops  and  the  speed  should 
not  drop  below  that  specified.  Determine  the 
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error  as  before  and  compare  this  with  the 
error  for  the  initial  1-mile  interval  as  deter¬ 
mined  in  step  4;  they  should  be  in  substantial 
agreement. 

7.  Position  the  cab  accurately  at  the  end  of  the 

course  and  throw  the  flag  from  the  “Vacant” 
to  the  “Time  Not  Recording”  position. 

8.  Drive  the  cab  at  maximum  legal  speed,  slowing 

down  just  before  the  occurrence  of  the  drop 
which  defines  the  first  2-mile  interval  and  stop¬ 
ping  the  cab  at  the  instant  this  drop  occurs. 
(As  an  alternative  to  this  2-mile  run,  two  1- 
mile  runs  may,  if  necessary,  be  made.)  Keep 
the  taximeter  face  under  observation  through¬ 
out  this  step  to  check  on  correct  functioning 
of  indicating  parts.  From  the  position  of  the 
cab  on  the  course,  determine  the  error  on  the 
total  interval.  (Intermediate  intervals  can  be 
roughly  checked  during  this  step  by  noting  the 
positions  on  the  course  where  intermediate 
drops  occur;  if  erratic  performance  is  indi¬ 
cated,  further  tests  should  be  made,  as  dic¬ 
tated  by  the  circumstances.) 

9.  From  time  to  time  observe  indications  of  to¬ 

talizing  counters  to  see  that  these  register 
correctly. 

10.  If  installation  is  approved,  affix  appropriate  se¬ 
curity  seals  to  taximeter  housing  and  to  all 
connections  and  affix  approval  seal  to  taxi¬ 
meter  face. 

Case  VI.  Wheel  mileage  test: 

1.  The  steps  to  be  followed  parallel  those  outlined 
for  case  IV  and  case  V.  Rotation  of  the  wheel 
or  wheels  should  be  at  speeds  corresponding 
to  the  cab  speds  specified  for  road  tests,  ex¬ 
cept  that  in  the  operations  corresponding  to 
step  2  of  case  IV  and  step  8  of  case  V,  the 
speed  of  wheel  rotation  may  be  greatly  in¬ 
creased  without  danger  to  the  taximeter  mech¬ 
anism. 

Supervision  Over  Use. — If  full  protection  to  the  riding 
public  is  to  be  provided,  a  system  of  strict  inspection  of 
taximeter  installations  should  be  maintained.  The  date 
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on  the  seal  of  approval  should  be  checked,  so  that  taxi¬ 
meters  found  overdue  for  retest  may  be  called  in  or  other 
appropriate  action  taken.  The  size  of  tires  in  use  should 
be  checked  against  the  size  shown  on  the  seal,  so  that 
any  substitution  of  smaller  tires  may  be  discovered  and 
appropriate  action  taken.  Security  seals  should  be  checked 
to  disclose  whether  or  not  these  have  been  tampered  with. 
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Chapter  7.— ODOMETERS 

Description. — An  odometer  is  an  instrument  designed 
to  be  mounted  on  a  vehicle  to  register  automatically  the 
distance  traversed  by  the  vehicle.  It  is  a  simple  gear 
device,  with  indicating  means  reading  in  terms  of  miles 
and  tenth-miles,  and  is  actuated  by  direct  or  cable  con¬ 
nection  to  an  appropriate  moving  part  of  the  vehicle. 
Thus,  an  odometer  may  be  mounted  at  the  hub  of  one 
of  the  front  wheels  of  the  vehicle;  this  variety  is  known 
as  a  “hub  odometer”.  Again,  the  indicating  elements  may 
be  mounted  inside  the  vehicle,  being  connected  by  means 
of  a  driving  cable  with  the  drive  shaft  or  “transmission” 
of  the  vehicle.  The  mileage-recording  portion  of  an  auto¬ 
mobile  “speedometer”,  cable-driven  from  the  drive  shaft, 
is  a  form  of  odometer.  In  all  of  these  cases,  the  indicating 
elements  are  customarily  in  the  form  of  a  straight-reading 
counter,  having  a  series  of  indicating  wheels  or  drums 
carrying  figures  on  their  peripheries. 

An  odometer  is  essentially  a  revolution  counter.  The 
accuracy  of  its  mileage  registration  depends  upon  the 
suitability  of  the  gears  between  the  indicating  elements 
and  the  point  of  connection  to  the  moving  element  of  the 
vehicle,  in  relation  to  the  effective  circumference  of  the 
vehicle  tires.  In  the  case  of  a  hub  odometer,  only  one 
tire  is  involved — the  one  on  the  wheel  on  which  the 
odometer  is  installed.  In  the  case  of  a  transmission-driven 
odometer,  the  tires  on  the  driving  wheels  of  the  vehicle 
are  the  ones  involved. 

Inspection. — When  an  official  is  called  upon  to  examine 
an  odometer,  he  is  usually  confronted  with  a  completed 
installation.  In  any  event,  the  bench  testing  of  an  odome¬ 
ter  head  is  not  recommended,  and  the  test  should  be  made 
on  the  complete  installation.  Inspection  of  the  installation 
should  precede  testing,  and  the  inspection  should  be  made 
for  compliance  with  the  applicable  requirements  of  gen¬ 
eral  specifications  G-S.l.,  G-S.2.,  G-S.3.,  and  G-S.4.L,  and 
general  regulations  G-R.2.  and  G-R.3.,  and  with  the  ap¬ 
plicable  requirements  of  each  specification  of  the  code  for 
odometers. 

Testing  Apparatus. — Since  a  separate  bench  test  of  an 
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odometer  serves  no  particularly  useful  purpose  and  is 
not  recommended,  no  shop  testing  apparatus  need  be 
provided.  The  preferred  test  of  an  odometer  installation 
is  a  road  test,  for  which  a  measured  testing  course  is 
required.  Such  a  course  should  be  laid  out  as  previously 
described  in  Chapter  6  under  testing  apparatus  for  taxi¬ 
meters,10  except  that  the  only  subdivisions  of  the  mile 
which  will  be  needed  are  perhaps  two  tenth-mile  points — 
for  example,  0.2  mile  and  0.5  mile.  Of  course,  there  is  no 
objection  to  tenth-mile  markers  throughout  the  entire 
length  of  the  course.  The  course  should  be  2  miles  in 
length  if  at  all  possible,  and  in  no  case  less  than  1  mile. 

If  a  measured  course  can  not  be  provided,  the  alterna¬ 
tive  is  apparatus  for  a  wheel  test,  which  can  be  identical 
with  that  described  for  taximeter  testing  in  Chapter  6. 11 

Testing  Procedure. — The  road  or  wheel  test  of  an  odom¬ 
eter  installation  should  follow  the  general  principles  of 
the  corresponding  test  of  a  taximeter  installation,  but 
the  odometer  test  is  simpler  because  of  the  greater  sim¬ 
plicity  of  the  instrument.  The  test  should  be  made  when 
the  vehicle  is  carrying  an  average  load  and  with  its  tires 
inflated  to  normal  pressure. 

\For  a  road  test,  the  vehicle  should  be  positioned  ac¬ 
curately  at  one  end  of  the  course.  It  is  then  necessary 
to  establish  a  precise  odometer  reading  as  the  “zero”  or 
starting  reading  for  the  test.  This  does  not  mean  that 
each  indicating  wheel  must  stand  at  zero,  although  if  the 
odometer  is  of  the  design  that  permits  a  ready  resetting 
to  zero,  and  if  the  odometer  is  frequently  reset  to  zero 
in  the  course  of  normal  service  operation,  this  should  be 
done.  Ordinarily,  however,  an  odometer  is  not  designed 
to  be  reset  by  the  user  to  zero  indication,  and  so  the 
procedure  outlined  in  the  next  paragraph  will  normally 
be  followed  by  the  official. 

An  experienced  observer  can  do  reasonably  well  in  es¬ 
timating  a  reading  to  hundredths  on  a  straight-reading 
counter  which  reads  to  tenth-miles,  but  it  is  not  recom¬ 
mended  that  this  be  done  when  testing  an  odometer;  0.01 
mile  is  almost  53  feet  and  is  1  percent  of  a  mile,  and  this 
value  is  relatively  large  as  compared  with  the  tolerances 
to  be  applied.  It  is  recommended,  therefore,  that  when 
the  vehicle  is  spotted  for  the  start  of  the  test,  a  wheel 

10  See  p.  44. 

11  See  pp.  44-45. 


Odometers 


63 


be  jacked  up  and  rotated  in  a  forward  direction  until  a 
precise  indication  of  the  next  tenth-mile  is  established  on 
the  odometer;  the  reading  of  the  odometer  is  then  the 
“zero”  reading  for  the  first  test  run.  This  precise  indi¬ 
cation  can  be  obtained  by  accurately  centering  a  tenth- 
mile  figure  in  its  aperture  or  by  bringing  the  extreme 
top  of  a  figure  into  coincidence  with  the  upper  edge  of 
the  aperture  or  by  similarly  alining  the  extreme  bottom 
of  a  figure  with  the  lower  edge  of  the  aperture.  An 
alternative  procedure,  if  no  jack  is  available,  is  to  ad¬ 
vance  the  vehicle  on  the  course  until  the  desired  precise 
indication  of  the  odometer  is  obtained,  measure  the  dis¬ 
tance  between  the  vehicle  and  the  end  course  marker,  and 
correct  for  this  offset  at  the  time  each  observation  is 
made  during  the  test  run. 

A  known  zero  condition  having  been  established  by  one 
of  the  methods  described,  the  vehicle  is  then  driven  over 
the  course  until  the  odometer  gives  a  precise  indication  of 
a  certain  number  of  tenth-miles  more  than  the  “zero” 
indication.  If  the  course  has  been  subdivided  throughout 
by  tenth-miles,  it  is  optional  with  the  official  at  what  point 
he  will  make  his  first  fractional-mile  observation.  If  only 
the  first  0.2-mile  and  0.5-mile  points  have  been  marked, 
as  has  been  suggested  as  minimal  course  subdivision,  then 
observations  will  be  made  at  these  values.  Upon  the  as¬ 
sumption  that  tests  are  to  be  made  on  the  0.2-mile  and 
0. 5-mile  intervals,  the  vehicle  will  first  be  stopped  when 
the  odometer  indication  has  been  increased  by  precisely 
0.2  mile  from  its  “zero”  indication.  By  comparing  the 
positions  of  the  vehicle  and  the  0.2-mile  marker,  making 
due  allowance  for  any  offset  which  may  have  existed  at 
the  starting  end,  the  error  of  the  odometer  for  the  0.2-mile 
interval  is  arrived  at.  If  the  added  0.2-mile  indication  is 
given  by  the  odometer  before  the  corresponding  actual 
distance  has  been  traversed  by  the  vehicle,  the  error  is 
in  the  direction  of  over-registration,  and  vice  versa.  It 
is  stated  above  that  the  vehicle  “will  first  be  stopped” 
when  a  certain  odometer  indication  is  given.  Obviously, 
in  the  case  of  a  hub  odometer,  which  can  only  be  read 
by  an  observer  from  a  position  on  the  ground  while  the 
vehicle  is  not  in  motion,  several  actual  “stops”  of  the 
vehicle  may  be  required  before  the  specified  odometer 
indication  is  accomplished,  these  stops  being  made  to 
enable  the  official  to  read  the  odometer  as  the  desired 
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indication  is  approached  and  to  direct  the  vehicle  driver 
how  much  farther  to  advance  the  vehicle  along  the  course. 
Care  should  be  exercised  to  avoid  overrunning  the  desired 
indication ;  should  this  occur,  the  test  should  be  repeated. 

On  the  assumption  that  the  next  interval  to  be  tested 
is  to  be  the  0.5-mile  interval,  the  vehicle  will  next  be 
advanced  along  the  course  until  the  odometer  indicates 
precisely  0.5  mile  more  than  its  “zero”  indication,  and 
the  error  will  be  determined  as  before.  The  next  deter¬ 
mination  will  be  made  when  the  odometer  indication  is 
precisely  2  miles  more  than  its  “zero”  indication,  if  the 
testing  course  is  2  miles  long,  or  1  mile  more  than  its 
“zero”  indication  if  the  course  is  only  1  mile  in  length. 
The  error  will  be  determined  as  before.  In  all  three  de¬ 
terminations  involved  in  this  first  test  run,  the  intervals 
under  test  are  the  total  intervals  from  the  start  of  the 
run,  that  is,  in  the  example  given,  0.2  mile,  0.5  mile,  and 
2  miles  (or  1  mile). 

Finally,  another  2-mile  test  run  will  be  made  (or  a  1- 
mile  run  if  the  course  is  only  1  mile  long) ,  omitting  frac¬ 
tional-mile  observations;  the  same  precautions  are  to  be 
observed  as  at  the  start  of  the  first  test  run,  with  respect 
to  a  precise  “zero”  indication. 

For  a  wheel  test  of  an  odometer  assembly,  the  official 
will  need  to  know  the  number  of  revolutions  per  mile  of 
the  actuating  vehicle  wheel  or  wheels,  based  upon  the  ef¬ 
fective  tire  circumference.  This  can  be  determined  in 
each  individual  instance  at  the  time  of  test.  However, 
if  any  considerable  amount  of  odometer  testing  is  to  be 
done,  a  table  should  be  prepared  in  advance  for  the  vari¬ 
eties  and  sizes  of  tires  commonly  employed.  Observa¬ 
tions  should  be  made,  as  in  the  road  test,  on  at  least  two 
fractional-mile  intervals  and  on  at  least  one  longer  inter¬ 
val,  with  a  repeat  observation  on  the  long  interval.  It 
should  be  practicable  in  a  wheel  test  to  increase  this  long 
interval  to  several  miles,  and  a  5-mile  interval  is  recom¬ 
mended.  With  respect  to  the  starting  or  “zero”  indica¬ 
tion  of  the  odometer,  the  same  precautions  should  be  ob¬ 
served  as  in  the  road  test.  Errors  will  be  computed  upon 
the  basis  of  the  difference  between  the  actual  number 
and  the  standard  number  of  wheel  revolutions  required  for 
the  intervals  under  test;  if  the  actual  number  of  revolu¬ 
tions  is  less  than  the  standard  number,  the  error  of  the 
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odometer  for  the  interval  in  question  is  in  the  direction  of 
over-registration,  and  vice  versa. 

If  the  odometer  installation  is  found  to  be  correct, 
security  seals  should  be  applied  to  the  odometer  housing 
and  at  all  connections  between  the  odometer  and  the  driv¬ 
ing  wheel  or  drive  shaft,  so  that  changes  which  might 
affect  the  performance  can  not  be  made  without  mutila¬ 
tion  of  the  seals.  If  the  odometer  head  is  cable-driven  and 
is  mounted  inside  the  vehicle,  the  customary  seal  of  ap¬ 
proval  should  be  affixed  thereto.  In  the  case  of  a  hub 
odometer  it  will  be  impracticable  to  affix  a  special  seal 
of  approval,  and  the  lead-and-wire  security  seal  should 
be  construed  as  the  seal  of  approval. 

Testing  Outlines 

(For  tests  of  odometer  installations  by  weights  and  measures 

officials.) 

Case  I.  Road  test: 

1.  Position  vehicle  accurately  at  one  end  of  testing 

course. 

2.  Jack  up  actuating  wheel  and  rotate  it  in  a  forward 

direction  until  odometer  gives  a  precise  indi¬ 
cation  of  any  tenth-mile  value.  Record  odom¬ 
eter  reading  as  the  “zero”  reading  for  the  test 
run.  (An  alternative  procedure  which  avoids 
jacking  up  a  wheel,  is  to  advance  the  vehicle 
along  the  course  until  a  precise  odometer  indi¬ 
cation  is  obtained,  measure  the  offset  of  the 
vehicle  from  the  end  of  the  course,  and  use  this 
zero-position  correction  in  subsequent  deter¬ 
minations.)  If  the  odometer  has  a  zero  set-back 
mechanism,  use  this  to  “clear”  the  indication 
to  zero  reading,  instead  of  following  the  pro¬ 
cedure  first  specified;  in  this  event,  subsequent 
“precise”  indications  must  duplicate  the  zero  po¬ 
sition  of  the  tenth-mile  figure  in  its  aperture. 

3.  Drive  vehicle  over  course  until  odometer  indicates 

precisely  two  or  three  tenth-miles  more  than 
the  “zero”  reading,  and  determine  error  for 
this  interval  from  the  position  of  the  vehicle 
on  the  course. 

4.  Advance  vehicle  along  course  until  odometer  in¬ 

dicates  precisely  several  tenth-miles  more  than 
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in  step  3,  and  determine  error  for  the  total 
interval. 

5.  Advance  vehicle  along  course  until  odometer  in¬ 

dicates  precisely  2  miles  (on  a  2-mile  course) 
or  1  mile  (on  a  1-mile  course)  more  than  the 
“zero”  reading,  and  determine  the  error  on  the 
total  interval. 

6.  Repeat  steps  1,  2,  and  5. 

7.  If  installation  is  approved,  affix  appropriate  seals. 
Case  II.  Wheel  test : 

1.  Rotate  actuating  wheel  or  wheels  in  a  forward 

direction  until  odometer  gives  a  precise  indi¬ 
cation  of  any  tenth-mile  value.  Record  odometer 
reading  as  the  “zero”  reading  for  the  test  run. 
If  the  odometer  has  a  zero  set-back  mechanism, 
use  this  to  “clear”  the  indication  to  zero  read¬ 
ing,  instead  of  setting  up  a  “zero”  reading  as 
prescribed;  in  this  event,  subsequent  “precise” 
indications  must  duplicate  the  zero  position  of 
the  tenth-mile  figure  in  its  aperture. 

2.  Rotate  actuating  wheel  or  wheels  until  odometer 

indicates  precisely  two  or  three  tenth-miles 
more  than  the  “zero”  reading,  and  compute  er¬ 
ror  for  this  interval  from  the  counted  number 
of  revolutions  compared  with  the  standard 
number  of  revolutions  for  this  interval. 

3.  Continue  rotation  of  actuating  wheel  or  wheels 

until  odometer  indicates  precisely  several  tenth- 
miles  more  than  in  step  2,  and  compute  error 
for  the  total  interval. 

4.  Continue  rotation  of  actuating  wheel  or  wheels 

until  odometer  indicates  precisely  5  miles  more 
than  the  “zero”  reading,  and  compute  error  for 
the  total  interval. 

5.  Test,  as  in  step  4,  another  5-mile  interval. 

6.  If  installation  is  approved,  affix  appropriate  seals. 


Chapter  8.— LIQUID  MEASURES 

Description. — The  code  for  liquid  measures  defines  a 
liquid  measure  as  “a  rigid  measure  of  capacity,  designed 
for  general  and  repeated  use  in  the  measurement  of 
liquids”,  but  limits  the  application  of  the  code  to  those 
liquid  measures  for  which  separate  codes  have  not  been 
set  up.  Thus,  graduates,  milk  bottles,  and  lubricating-oil 
bottles,  although  they  are  “liquid  measures”  under  the 
basic  definition  quoted  above,  are  excluded  from  the  pur¬ 
view  of  the  code  for  liquid  measures  because  for  each  of 
these  special  classes  there  is  a  separate  code.  Measure- 
containers,  which  are  frequently  used  for  the  measure¬ 
ment  of  liquids,  are  not  “liquid  measures”  by  definition, 
because  they  are  not  designed  “for  repeated  use”  but  are 
intended  to  be  used  once  only;  measure-containers,  too, 
are  covered  by  a  separate  code.  These  distinctions  will 
be  observed  in  the  discussions  which  follow. 

The  use  of  liquid  measures  in  retail  trade  has  suf¬ 
fered  a  sharp  decline  in  recent  years  as  a  result  of  the 
tremendous  increase  in  the  packaging  of  commodities. 
Whereas  every  store  retailing  vinegar,  molasses,  syrups, 
turpentine,  linseed  oil,  bulk  oysters,  bulk  milk,  and  sim¬ 
ilar  commodities  could  once  be  expected  to  have  in  use 
a  series  of  liquid  measures,  such  measures  have  now 
largely  been  eliminated  from  use.  Prepackaged  commod¬ 
ities  have  displaced  commodities  dispensed  from  bulk  sup¬ 
ply,  and  the  measures  which  once  were  so  necessary  are 
no  longer  needed.  Liquid  measures  are  still  widely  used, 
however,  in  the  sale  of  petroleum  products,  particularly 
lubricating  oil  for  use  in  the  crankcases  of  automotive 
vehicles. 

The  simple  type  of  commercial  liquid  measure  is  one 
having  a  pouring  lip  extending  all  or  part  way  around 
the  top  edge.  For  use  at  filling  stations  a  popular  mod¬ 
ification  of  the  simple  design  is  one  having  a  discharge 
spout,  hinged  or  flexible,  leading  from  the  bottom  of  the 
measure  with  some  form  of  valve  at  its  inlet  end,  de¬ 
signed  to  facilitate  discharge  into  a  crank-case  fill-pipe. 
Measures  are  required  to  be  of  a  single  capacity  only — 
that  is,  subdivided  measures  are  not  allowed — and  the 
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capacity  is  defined  by  the  top  edge  of  the  measure  or  by 
some  fixed  element  near  the  top  edge.  Practically  all 
measures  now  encountered  are  made  of  metal.  The  ice 
cream  brick  molds,  such  as  are  referred  to  in  note  N.l 
of  the  liquid-measure  code,  are  special  rectangular  meas¬ 
ures  used  in  the  ice  cream  industry  to  determine  amounts 
of  the  frozen  product  which  are  later  subdivided  me¬ 
chanically  into  smaller  units.  Ice  cream  “cans”  are  cyl¬ 
inders  used  in  wholesale  sales. 

Inspection. — Liquid  measures  should  be  individually 
inspected,  and  inspection  should,  in  general  precede  test¬ 
ing.  The  requirements  of  general  specifications  G-S.l., 
G-S.2.,  and  G-S.6.,  and  of  general  regulations  G-R.2.  and 
G-R.3.,  are  applicable  to  liquid  measures.  Under  G-R.2., 
measures  should  be  required  to  be  kept  suitably  clean, 
and  measures  which  are  dented  or  otherwise  damaged 
in  a  way  to  affect  their  accuracy  or  which  have  defective 
valves  or  valve  parts  should  be  rejected.  Measures  should 
also  be  inspected  for  compliance  with  the  applicable  speci¬ 
fication  requirements  of  the  code  for  liquid  measures; 
compliance  with  specification  S.3.3.  can  be  determined 
as  a  part  of  the  testing  procedure. 

Testing  Apparatus. — For  general  field  use  the  official 
should  have,  as  a  minimum,  a  set  of  metal  liquid-measure 
standards  from  4  fluid  ounces  to  1  quart,  a  1-gallon  and 
a  5-gallon  “field  standard”,  and  a  cylindrical  glass  grad¬ 
uate  having  a  capacity  of  1  fluid  ounce  and  subdivided  to 
y±  fluid  dram.  It  is  desirable  that  the  set  first  mentioned 
be  increased  by  the  addition  of  measures  having  capaci¬ 
ties  of  2  fluid  ounces,  l/>  gallon,  and  one  gallon,  that  a 
3-gallon,  and  preferably  a  2-gallon  and  a  4-gallon  field 
standard  be  added,  and  that  either  a  120-minim  cylin¬ 
drical  glass  graduate  subdivided  to  5  minims  or  a  similar 
10-milliliter  graduate  subdivided  to  0.2  milliter  be  added. 
All  of  this  apparatus  should  be  calibrated  “to  deliver” 
at  68°  F.  Not  all  of  this  apparatus  will  be  needed  for  the 
testing  of  commercial  liquid  measures,  but  the  items 
listed  will  be  required  if  all  types  of  volumetric  testing 
are  to  be  carried  on  in  the  field;  specifically,  the  2-fluid- 
ounce  measure  and  the  second  glass  graduate  may  be 
omitted  if  graduates  in  pharmacies  are  not  to  be  tested 
in  the  field. 

The  measures  of  the  liquid-measure  set  should  be  coni¬ 
cal  in  shape,  having  small-diameter  tops,  and  the  tops 
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should  be  ground  so  that  a  “slicker  plate”  may  be  used 
when  it  is  necessary  to  make  precise  determinations.  (The 
slicker  plate  is  a  circular  piece  of  plate  glass  with  one  side 
ground,  having  a  diameter  slightly  larger  than  the  top 
diameter  of  the  largest  standard  with  which  it  is  to 
be  used.  The  slicker  plate  is  slid  across  the  top  of  the  filled 
measure  to  cut  off  the  water  precisely  even  with  the  top 
edge  of  the  measure.  With  the  slicker  plate  held  firmly  in 
position,  the  standard  can  then  be  inverted  and  delivery 
of  the  water  can  be  started  by  carefully  sliding  the  plate 
a  short  distance  to  one  side.)  Cylindrical  liquid-measure 
standards  from  1  quart  down  to  2  fluid  ounces  are  avail¬ 
able  in  nested  sets;  they  have  relatively  small  diameters 
and  are  designed  for  use  with  a  slicker  plate,  and  they 
may  be  substituted  for  conical  standards  of  equivalent 
capacities. 

By  “field  standards”  is  meant  a  measure  of  particularly 
rigid  construction  having  a  tall,  small-diameter,  cylin¬ 
drical  neck  equipped  with  a  gage  glass  or  a  window  and 
a  graduated  scale.  The  height  of  the  liquid  surface  is 
read  directly  from  the  scale.  The  proper  fill  point  for 
the  nominal  capacity  of  the  standard  is  defined  by  the 
“zero”  graduation  on  the  scale;  the  amount  by  which  the 
liquid  in  the  standard  is  less  than  or  more  than  the  nom¬ 
inal  capacity  of  the  standard  can  be  read  directly  from 
the  scale,  within  the  limits  of  the  graduated  portion  of 
the  neck.  The  graduated  scale  usually  reads  by  1-cubic- 
inch  subdivisions  to  20  or  30  cubic  inches  above  and  below 
the  “zero”  graduation. 

Testing  Procedure. — There  is  a  measurable  difference 
between  the  amount  of  liquid  which  a  measure  will  con¬ 
tain  and  the  amount  which  if  will  deliver.  When  the  liquid 
is  water,  which  is  ordinarily  the  testing  medium  used  in 
the  testing  of  commercial  liquid  measures,  this  difference 
is  not  large  in  relation  to  the  tolerance  and  so  may  be 
disregarded. 

To  avoid  any  contamination  of  the  standard  and  for 
maximum  convenience  in  the  testing  procedure,  the  stand¬ 
ard  is  normally  used  “to  deliver”,  the  measured  amount 
of  water  being  poured  from  the  standard  into  the  meas¬ 
ure  under  test.  The  inside  of  the  measure  should  be  rea¬ 
sonably  clean  in  any  event  before  its  test  is  undertaken. 
The  standard,  the  measure,  and  the  water  used  in  the  test 
should  be  at  approximately  the  same  temperature,  al- 
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though  this  factor  is  not  critical  in  the  testing  of  com¬ 
mercial  measures;  the  change  in  volume  of  the  water  as 
a  result  of  any  temperature  changes  which  will  occur 
in  the  course  of  ordinary  testing  operations,  will  not  be 
significant.  Sometimes  a  considerable  amount  of  air  is 
entrapped  in  tap  water,  and  this  may  separate  rapidly 
and  collect  as  bubbles  of  air  on  the  sides  of  a  standard 
or  measure;  this  condition  might  be  serious  enough  to  be 
significant  in  testing  even  commercial  measures,  and  so 
should  be  guarded  against.  If  necessary,  the  standard 
should  be  filled  from  a  supply  of  water  from  which  the 
entrapped  air  has  had  ample  opportunity  to  escape. 

Liquid  measures  should  be  individually  tested.  The  test¬ 
ing  procedure  is  a  simple  one,  and  consists  of  establishing 
a  known  volume  of  water  by  use  of  the  standard  and 
transferring  this  to  the  measure  under  test,  finding  the 
error  on  the  measure  by  determining  how  much  more 
water  is  required  to  fill  it  (when  the  measure  is  too 
large)  or  how  much  of  the  measured  amount  remains 
after  the  measure  has  been  filled  (when  the  measure  is 
too  small).  The  standard  should  be  of  the  same  nominal 
capacity  as  the  measure  being  tested,  although  it  is  ac¬ 
ceptable  practice  to  use  twice  a  standard  having  a  nom¬ 
inal  capacity  of  one-half  that  of  the  measure  under  test, 
or  to  use  in  combination  two  or  more  standards  of  differ¬ 
ent  capacities  to  build  up  to  the  capacity  of  the  measure. 

It  will  be  well  always  to  use  the  slicker  plate  with  a 
standard  constructed  for  such  use.  The  standard  is  filled 
with  water  to  the  point  where  the  water  is  rounded  up 
over  the  top.  The  slicker  plate,  with  the  ground  side 
downward,  is  then  pushed  from  one  side  across  the  top 
edge  of  the  standard  until  the  plate  entirely  covers  the 
top  of  the  standard.  During  this  operation  the  slicker 
plate  is  held  gently  but  firmly  in  contact  with  the  top 
edge  of  the  standard.  The  excess  of  water  is  thus  cut  off 
and  the  standard  should  then  have  been  accurately  filled 
with  water.  There  should  be  no  air  bubble  beneath  the 
slicker  plate ;  if  one  is  present  the  standard  is  not  correctly 
filled.  In  this  case  the  plate  should  be  slid  back  far  enough 
to  expose  the  bubble,  a  small  additional  amount  of  water- 
should  be  added  to  the  standard,  and  the  plate  should 
again  be  advanced  across  the  top  of  the  standard  until 
this  is  covered. 

Any  water  clinging  to  an  exposed  surface  of  the  slicker 
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plate  or  to  the  outside  of  the  standard  should  then  be 
brushed  or  wiped  away.  With  the  fingers  of  one  hand, 
firm  pressure  is  then  exerted  on  the  top  surface  of  the 
slicker  plate  to  keep  it  in  position,  and  the  standard  is 
lifted  with  the  other  hand  and  partially  inverted  prepara¬ 
tory  to  pouring  its  contents  into  the  measure  under  test; 
the  slicker  plate  prevents  any  loss  of  water.  Next,  with 
the  standard  tipped  approximately  90°  from  a  standing 
position  and  with  its  mouth  over  the  mouth  of  the  meas¬ 
ure  being  tested,  the  slicker  plate  is  carefully  slid  back  a 
short  distance  to  expose  a  small  opening  at  the  mouth  of 
the  standard  through  which  some  of  the  water  is  allowed 
to  flow  into  the  measure;  after  the  flow  has  started  the 
slicker  plate  is  gradually  withdrawn  to  enlarge  the  open¬ 
ing  and  increase  the  rate  of  flow,  being  kept,  however, 
continuously  in  contact  with  as  much  of  the  top  edge 
as  it  covers.  When  it  is  finally  completely  removed,  the 
slicker  plate  should  be  slid  off — not  lifted  off — in  order 
to  scrape  from  it  and  retain  in  the  standard  any  water 
that  may  have  been  clinging  to  the  under  side  of  the 
plate.  The  entire  discharge  can  be  made  from  the  stand¬ 
ard  as  one  operation,  as  described,  or  when  about  half 
of  the  water  has  been  discharged  the  standard  may  be 
righted,  the  slicker  plate -slid  off,  and  the  discharge  com¬ 
pleted  as  an  ordinary  pouring  operation. 

During  this  procedure  the  measure  under  test  should 
be  kept  under  observation.  If  it  appears  that  the  meas¬ 
ured  volume  of  water  is  going  to  be  more  than  enough 
to  fill  the  measure  to  the  proper  point,  it  will  be  ad¬ 
visable  to  transfer  the  water  remaining  in  the  standard 
to  the  graduate  or  to  a  smaller  standard  so  that  the  meas¬ 
ure  may  be  carefully  and  slowly  filled  to  just  the  proper 
point;  the  water  remaining  then  represents  the  error 
of  the  measure — the  amount  by  which  it  is  too  small. 
If  the  measure  accepts  all  of  the  water  from  the  stand¬ 
ard  and  still  is  not  filled  to  the  proper  point,  the  graduate 
is  filled  to  its  capacity  graduation  and  from  it  water  is 
added  to  the  measure  until  it  is  properly  filled;  the  dif¬ 
ference  between  the  amount  of  water  remaining  in  the 
graduate  and  the  amount  it  originally  contained  repre¬ 
sents  the  error  of  the  measure — the  amount  by  which 
it  is  too  large.  When  the  measure  under  test  is  being 
filled,  the  effort  should  be  to  fill  it  as  precisely  as  prac¬ 
ticable  to  the  exact  point  called  for  by  the  design  of  the 
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measure.  If  any  of  the  measured  volume  of  water  is  ac¬ 
cidentally  spilled  during  a  test,  the  test  should  be  re¬ 
peated. 

When  the  standard  is  being  emptied  it  should  be  com¬ 
pletely  drained.  A  uniform  10-second  drainage  period  is 
recommended,  to  be  consistently  observed  in  all  testing 
operations.  When  timing  the  drainage  period,  the  timing 
should  begin  when  the  main  flow  has  ceased.  A  con¬ 
venient  way  of  timing  the  10-second  drainage  interval 
is  by  counting.  The  expressions  “thousand  and  one”, 
“thousand  and  two”,  etc.,  when  pronounced,  aloud  or 
mentally,  at  a  normal  conversational  speed,  require  very 
close  to  one  second;  by  repeating  these  expressions  con¬ 
secutively  through  “thousand  and  ten”,  the  desired  time 
interval  is  measured.  This  method,  or  the  use  of  a  watch, 
is  recommended;  if  one  attempts  merely  to  “guess”  a 
10-second  interval,  the  probability  is  that  the  interval  will 
be  underestimated  and  that  successive  “guesses”  will  be 
anything  but  uniform. 

The  curved  upper  surface  of  the  liquid  in  a  tube  or 
graduate  is  known  as  the  “meniscus”.  When  making  a 
reading  or  setting  on  a  graduate,  the  lowest  portion  of 
the  meniscus,  which  appears  as  a  dark  line  as  viewed 
through  the  wall  of  the  graduate,  is  the  proper  index, 
and  this  should  be  viewed  at  eye  level,  with  the  grad¬ 
uate  held  in  a  vertical  position. 

A  pipette  is  a  convenient  accessory  for  use  when  more 
than  the  desired  amount  of  water  has  inadvertently  been 
placed  in  a  measure  and  some  must  be  withdrawn.  A 
small  pipette  equipped  with  a  rubber  bulb  to  create  the 
necessary  suction  (like  an  enlarged  medicine  dropper) 
is  recommended. 

When  the  standard  used  is  a  “field  standard”,  the  test¬ 
ing  procedure  is  similar  to  that  outlined  above  except  as 
to  the  filling  of  the  standard.  For  an  amount  correspond¬ 
ing  to  the  nominal  capacity  of  the  standard,  the  water 
is  brought  to  the  level  of  the  “zero”  graduation  on  the 
graduated  scale,  the  lowest  portion  of  the  meniscus  being 
in  coincidence  with  the  graduation.  When  a  setting  is 
being  made  it  is  essential  that  the  standard  be  supported 
on  a  level  surface  or  be  suspended  in  a  plumb  position 
from  its  bail. 

It  is  not  practicable  to  test  ice  cream  molds  volumetri- 
cally.  The  bottoms  may  be  removable,  to  facilitate  re- 
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moval  of  the  brick  from  the  mold,  and  this  type  is  not 
water  tight.  Moreover,  since  a  mold  ordinarily  is  shaped 
like  a  rectangular  tray,  the  area  of  the  top  surface  is 
so  great  that  a  precise  volumetric  determination  could 
not  be  made  in  any  event.  Accordingly,  these  molds  are 
best  tested  by  computing  their  capacities  from  their 
linear  dimensions.  The  mean  inside  length,  breadth,  and 
depth,  in  inches,  are  multiplied  together  to  arrive  at  the 
capacity  in  cubic  inches.  This  product  can  then  be  com¬ 
pared  with  the  nominal  capacity  in  cubic  inches,  derived 
by  using  the  equivalent,  1  liquid  quart  equals  57.75  cubic 
inches. 

The  foregoing  discussion  is  confined  to  the  field  testing 
of  commercial  liquid  measures.  For  instructions  on  the 
calibration  of  large-capacity  “provers”,  to  be  used  as 
standards,  reference  should  be  made  to  the  text  on  page 
123,  to  the  forthcoming  National  Bureau  of  Standards 
Circular  referred  to  on  page  5,  and  to  the  ASME-API 
Petroleum  P.  D.  Meter  Code  (API  Code  No.  1101)  cited 
in  the  list  of  references  at  the  end  of  chapter  13. 

Testing  Outlines 

(For  tests  of  liquid  measures  by  weights  and  measures  officials.) 

Case  I.  When  the  nominal  capacities  of  standard  and 
measure  are  the  same: 

1.  Fill  standard  with  water  to  proper  point. 

2.  Remove  any  water  adhering  to  outside  of  stand¬ 

ard. 

3.  Pour  measured  water  into  measure  being  tested, 

until  measure  is  filled  to  proper  point  or  all 
measured  water  is  transferred.  In  latter  case 
drain  standard  for  10  seconds. 

4.  If  measure  is  too  small  and  will  not  accept  all  of 

the  measured  water,  transfer  remaining  water 
to  the  graduate,  draining  the  standard  for  10 
seconds.  The  water  in  the  graduate  represents 
the  error  “in  deficiency”,  of  the  measure. 

5.  If  the  measure  is  not  properly  filled  after  all  of 

the  measured  water  has  been  transferred  to  it, 
fill  the  graduate  to  its  capacity  graduation  and 
pour  water  from  it  into  the  measure  until  the 
measure  is  properly  filled.  Read  the  amount  of 
water  remaining  in  the  graduate;  the  differ- 

925143  0—51 - <) 


74 


Liquid  Measures 

ence  between  this  amount  and  the  capacity  of 
the  graduate  represents  the  error  “in  excess’’, 
of  the  measure. 

Case  II.  When  the  capacity  of  the  standard  is  a  sub¬ 
multiple  if  the  capacity  of  the  measure : 

1.  Fill  standard  with  water  to  proper  point. 

2.  Remove  any  water  adhering  to  outside  of  stand¬ 

ard. 

3.  Pour  measured  water  into  measure,  draining 

standard  for  10  seconds. 

4.  If  the  nominal  capacity  of  the  measure  is  twice 

that  of  the  standard,  follow  steps  1  through  5 
of  case  1. 

5.  If  the  nominal  capacity  of  the  measure  is  more 

than  twice  that  of  the  standard  repeat  steps 
1,  2,  and  3  as  often  as  required,  then  follow 
steps  1  through  5  of  case  1. 

References 

The  following  references  are  to  papers  and  discussions  on  the 
general  subject  of  liquid  measures,  appearing  in  the  Reports  of 
the  National  Conference  on  Weights  and  Measures.  Citations  in¬ 
clude  the  designation  in  the  series  of  Miscellaneous  Publications 
of  the  National  Bureau  of  Standards,  the  number  and  year  of  the 
particular  National  Conference,  and  the  page  reference. 

Mil,  Eighth  Conference  Report,  1913,  pages  181-200. 

M129,  Twenty-fourth  Conference  Report,  1931,  pages  137-138. 
M159,  Twenty-seventh  Conference  Report,  1937,  pages  103-107. 


Chapter  9.— GRADUATES 

Description. — The  graduates  which  the  weights  and 
measures  official  tests  are  usually  confined  to  those  used 
in  pharmacies  in  connection  with  the  compounding  of  pre¬ 
scriptions  and  to  those  used  in  establishments  selling 
perfumes  from  bulk  supply.  They  are  graduated  liquid 
measures,  made  of  glass,  and  are  usually  conical  in  shape, 
although  cylindrical  graduates  will  occasionally  be  en¬ 
countered.  The  customary  capacities  of  commercial  grad¬ 
uates  range  from  1  fluid  dram  to  1  liquid  quart  in  the 
customary  system  and  from  5  milliliters  (cubic  centi¬ 
meters)  to  1  liter  in  the  metric  system.  The  range  of 
capacities  of  the  graduates  found  in  the  ordinary  phar¬ 
macy  will  probably  extend  only  from  V2  or  1  fluid  ounce 
to  16  fluid  ounces  or  1  liquid  pint,  in  the  customary  sys¬ 
tem,  and  from  50  milliliters  to  500  milliliters  in  the  metric 
system.  Some  pharmacies  may  have  only  one  or  two 
metric  graduates  or  even  none  at  all. 

The  accepted  rule  for  reading  the  level  of  the  liquid 
in  a  graduate  is  to  read  to  the  bottom  of  the  meniscus, 
that  is,  to  the  bottom  of  the  curved  upper  surface  of  the 
liquid,  which  appears  as  a  dark  line  as  viewed  through 
the  wall  of  the  graduate.  When  a  reading  is  being  made, 
the  graduate  should  rest  on  a  level  surface  or  be  held  in  a 
vertical  position,  and  the  meniscus  should  be  at  eye  level. 
If  the  graduate  is  held  in  the  hand  when  a  reading  is 
made,  the  observer  should  always  check  against  possible 
tilting  of  the  graduate  by  sighting  through  the  graduate 
at  eye  level  and  verifying  that  the  near  and  far  portions 
of  a  particular  graduation  line  are  in  coincidence,  and 
that  the  graduation  is  horizontal  from  left  to  right.  This 
sight  may  be  taken  across  the  ends  of  a  graduation  which 
extends  only  half  way  around  a  graduate ;  or  if  the  grad¬ 
uation  encircles  the  graduate,  the  entire  graduation  will 
have  the  appearance  of  a  single  straight  line  when  the 
graduate  is  vertical  and  is  viewed  as  described.  This  pro¬ 
cedure  should  be  followed  by  the  official  when  reading 
both  his  own  standard  graduates  and  the  graduates  being 
tested. 

Inspection. — Graduates  should  be  individually  in- 
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spected,  and  inspection  should  precede  testing.  Inspection 
should  be  made  for  compliance  with  the  applicable  re¬ 
quirements  of  general  specifications  G-S.l.,  G-S.4.,  and 
G-S.6.,  and  general  regulations  G-R.2.  and  G-R.3.,  and 
with  each  applicable  specification  requirement  of  the  code 
for  graduates.  The  purpose  of  graduate  specification 
S.3.1.  is  to  insure  proper  sensitiveness,  and  a  graduate 
failing  to  meet  these  requirements  should  be  rejected. 
Under  graduate  specification  3.3.2.  a  graduate  with  a 
badly  broken  base  would  be  rejected.  The  requirements 
of  graduate  specifications  S.4.1.  and  S.4.2.  are  particu¬ 
larly  important;  it  should  be  noted  that  “pressed”  or 
molded  graduations  are  not  acceptable  under  S.4.1. 

Testing  Apparatus. — It  is  believed  that  the  use  of 
metric  units  for  medicinal  prescriptions  is  increasing,  and 
that  in  consequence  of  this  the  number  of  metric  gradu¬ 
ates  or  duplex-scale  graduates  in  use  in  pharmacies  is 
also  increasing.  Accordingly,  volumetric  standards  should 
be  provided  in  units  of  both  the  customary  and  metric 
systems. 

For  field  use,  sets  of  metal  liquid  standards,  designed 
for  use  with  slicker  plates,  and  calibrated  “to  deliver”, 
should  be  provided.  These  standards  should  have  capac¬ 
ities  of  1  pint,  Y>  pint,  1  gill  (or  4  fluid  ounces),  and  Vi 
gill  (or  2  fluid  ounces)  in  the  customary  system,  and  500 
milliliters  (or  cubic  centimeters),  200  milliliters,  100 
milliliters,  and  50  milliliters  in  the  metric  system.  In 
addition,  two  standard  cylindrical  graduates,  graduated 
“to  deliver”,  should  be  provided,  one  with  a  capacity  of 
2  fluid  drams  (or  120  minims)  and  subdivided  to  5 
minims,  and  the  other  with  a  capacity  of  10  milliliters 
and  subdivided  to  0.2  milliliter.  Supplementary  equip¬ 
ment  needed  will  be  a  pair  of  small  inside  calipers;  a 
6-inch  steel  scale  subdivided  to  at  least  Vic  inch,  a  15- 
centimeter  steel  scale  subdivided  to  at  least  1  millimeter, 
or  a  single  steel  scale  carrying  both  of  the  specified  series 
of  graduations ;  and  a  small  “medicine  dropper”.  The  zero 
on  each  of  the  steel  scales  or  on  the  combination  scale 
should  coincide  with  the  end  surface  of  the  scale,  and  the 
scale  should  be  not  more  than  (4  inch  in  width. 

For  office  testing,  the  use  of  burettes  rather  than  stand¬ 
ard  graduates  is  recommended.  A  125-minim  burette  sub¬ 
divided  to  1  minim  and  a  10-milliliter  burette  subdivided 
to  0.05  milliliter,  will  replace  the  two  graduates  specified 
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for  field  use.  Desirable  additions  are  a  2-fluid-ounce 
burette  subdivided  to  5  minims  and  a  100-milliliter  bu¬ 
rette  subdivided  to  0.2  milliliter,  these  to  be  used  in  place 
of  the  V^-gill  and  100-milliliter  metal  standards,  respec¬ 
tively.  A  burette  may  be  used  satisfactorily  several  times 
in  “building  up”  to  the  capacity  of  a  graduate  being 
tested,  and  so  with  the  four  burettes  mentioned,  prac¬ 
tically  all  use  of  metal  standards  can  be  eliminated  ex¬ 
cept  for  the  testing  of  graduates  of  large  capacity.  (For 
maximum  convenience,  burettes  of  intermediate  capac¬ 
ities  may  be  added ;  for  example,  4  fluid  drams  subdivided 
to  2  minims  and  50  milliliters  subdivided  to  0.1  milliliter.) 

Testing  Procedure. — A  commercial  graduate  is  re¬ 
quired  to  be  marked  to  show  whether  it  is  graduated  “to 
contain”  or  “to  deliver”  the  indicated  amounts  when  the 
temperature  of  the  graduate  is  20°  C.  (68°  F.).  The 
graduate  “to  deliver”  is  slightly  larger  than  a  correspond¬ 
ing  graduate  “to  contain”,  the  difference  being  caused 
by  the  amount  of  liquid  which  clings  to  the  walls  of  the 
graduate  as  its  contents  is  poured  out. 

Graduates  are  always  tested  with  water.  The  graduate 
being  tested,  the  testing  apparatus,  the  water,  and  the 
atmosphere  should  be  at  approximately  the  same  temper¬ 
ature  while  the  test  is  being  conducted.  By  specification, 
a  commercial  graduate  is  required  to  be  so  graduated  as 
to  be  accurate  when  the  temperature  of  the  graduate  is 
20°  C.,  or  68°  F. ;  this  temperature  should  be  approxi¬ 
mated  for  testing  purposes. 

The  basic  principle  employed  in  the  test  of  a  graduate 
is  the  transfer  to  the  graduate  of  known  volumes  of 
water,  determined  by  use  of  standard  measures  or  grad¬ 
uates  (or  burettes),  to  establish  whether  or  not  the  grad¬ 
uate  under  test  gives  a  reading  agreeing  (within  toler¬ 
ance)  with  each  volume  of  water  so  transferred. 

A  graduate  “to  contain”  must  have  its  inside  walls  dry 
before  a  test  is  begun,  and  as  successive  measured 
amounts  of  water  are  added,  care  should  be  exercised  to 
avoid  wetting  the  inside  surface  of  the  graduate  for  more 
than  a  very  small  distance  above  the  surface  of  the 
liquid. 

Before  the  test  is  begun  on  a  graduate  “to  deliver”, 
the  graduate  should  be  filled  to  its  capacity  graduation 
and  then  emptied  and  allowed  to  drain  for  10  seconds ; 
the  graduate,  being  returned  to  its  normal  upright  posi- 
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tion,  then  contains  an  amount  of  water  representing  the 
“clingage”  to  its  walls,  and  is  in  proper  condition  to  re¬ 
ceive  the  measured  increments  from  the  standards.  (The 
same  objective  could  be  attained  by  measuring  the  de¬ 
liveries  from  the  graduate  under  test,  but  this  would 
make  it  necessary  to  give  attention  to  the  clingage  factor 
for  the  standards  used,  and  would  materially  complicate 
certain  procedures.) 

It  may  be  repeated,  for  emphasis,  that  graduates  being 
tested  must  always  be  in  a  vertical  position  when  read¬ 
ings  are  made,  the  liquid  surface  must  be  at  eye  level, 
and  the  reading  is  to  be  made  to  the  bottom  of  the 
meniscus ;  the  same  rules  apply  when  reading  standard 
graduates  and  burettes.  Detailed  instructions  on  the  use 
of  a  slicker  plate  with  metal  measures  will  be  found  in 
chapter  8.  Whenever  a  standard  graduate  or  metal  meas¬ 
ure  is  emptied  for  the  purpose  of  delivering  a  measured 
quantity  of  water,  the  customary  10-second  drainage  pe¬ 
riod  should  be  observed. 

In  field  testing,  errors  should  be  determined  and  toler¬ 
ances  applied  in  the  same  general  way  as  has  been  de¬ 
scribed  in  chapter  8  in  relation  to  liquid  measures.  Start¬ 
ing  with  a  measured  amount  of  water,  this  is  transferred 
to  the  graduate  under  test.  Coincidence  should  be  estab¬ 
lished  between  the  liquid  surface  and  a  graduation,  and 
the  error  should  be  determined  by  measuring  the  amount 
of  the  measured  water  remaining  or  the  amount  required 
in  excess  of  the  original  measured  quantity.  The  smallest 
of  the  standard  graduates  will  ordinarily  be  used  to 
evaluate  errors,  the  remaining  water  being  measured  if 
the  graduate  under  test  has  an  error  in  deficiency  or 
additional  water  being  added  if  the  error  is  in  excess. 
If  the  error  to  be  evaluated  is  very  small  (2  or  3  minims, 
for  example)  it  may  be  determined  with  the  small 
dropper,  upon  the  reasonable  assumption  that  one  drop 
of  water  approximates  1  minim  or  0.06  milliliter ;  other¬ 
wise,  however,  actual  measurements  should  be  made  in 
a  standard  graduate. 

When  burettes  are  used  as  standards,  as  can  conven¬ 
iently  be  done  in  office  testing,  the  testing  procedure  is 
somewhat  simplified.  The  burette  to  be  used  for  a  par¬ 
ticular  observation  should  be  so  chosen  that  errors  can 
be  read  accurately  directly  on  the  burette;  that  is,  the 
value  of  the  subdivision's  on  the  burette  should  not  be 
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several  times  the  value  of  the  tolerance  to  be  applied.  The 
burette  may,  if  necessary,  be  filled  and  emptied  more  than 
once  in  bringing  the  liquid  to  the  desired  point  in  the 
graduate  under  test.  The  general  procedure  is  to  transfer 
water  from  the  burette  to  the  graduate  under  test  until 
the  water  meniscus  coincides  with  the  graduation  at 
which  the  observation  is  being  made,  the  amount  of  water 
so  transferred  being  read  directly  from  the  burette;  the 
difference  between  the  amount  transferred  and  the  nomi¬ 
nal  value  of  the  graduation  is  the  error  of  the  graduate 
at  that  graduation.  The  meniscus  of  the  liquid  in  the 
burette  will  be  more  sharply  defined,  and  a  more  precise 
setting  can  be  obtained,  if  a  black  shade  or  collar,  con¬ 
sisting  of  a  short  split  section  cut  from  black  rubber  tub¬ 
ing  and  of  such  diameter  as  almost  to  encircle  the  tube 
of  the  burette,  is  positioned  slightly  below  the  meniscus. 

It  is  not  sufficient  to  test  a  commercial  graduate 
merely  at  its  capacity  graduation.  Each  graduate  should 
be  tested  at  not  less  than  three  graduations.  The  first 
observation  should  be  made  at  a  main  graduation  corre¬ 
sponding  roughly  to  10  percent  of  the  nominal  capacity 
of  the  graduate,  the  second  observation  should  be  at  a 
main  graduation  representing  approximately  50  percent 
of  the  capacity,  and  the  third  observation  should  be  at 
the  capacity  graduation.  Should  there  be  any  indication 
of  incorrect  placement  of  graduations  at  any  other  points 
on  the  graduated  scale,  observations  should  be  made  at 
such  points  to  determine  the  facts. 

It  is  not  necessary  that  graduates  be  tested  repeatedly. 
Once  having  been  found  accurate,  retests  need  not  be 
made,  for  the  accuracy  characteristics  of  a  graduate  will 
not  change  as  a  result  of  use.  Periodic  inspections,  how¬ 
ever,  are  entirely  in  order,  but  these  are  merely  for  the 
purpose  of  determining  whether  or  not  the  graduates 
have  been  damaged  since  the  previous  inspection. 

It  should  be  noted  that  acceptance  and  maintenance 
tolerances  for  graduates  are  identical,  that  the  tolerances 
on  graduates  “to  contain’’  are  given  in  the  tables  of  tol¬ 
erances,  and  that  the  tolerances  on  graduates  “to  deliver” 
are  25  percent  greater  than  the  tabular  values.  Tolerances 
for  a  particular  graduate  are  fixed  by  the  inside  diameters 
of  the  graduate  at  the  points  where  observations  are 
made.  Before  any  transfer  of  measured  water  is  made  to 
a  graduate  under  test,  the  inside  diameter  of  the  grad- 
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uate  should  be  measured,  by  using  calipers  and  steel  scale, 
at  each  graduation  at  which  a  test  observation  is  to  be 
made ;  from  these  diameters  the  tolerance  at  each  test 
point  is  determined  by  reference  to  the  appropriate  toler¬ 
ance  table. 


Testing  Outlines 

(For  tests  of  graduates  by  weights  and  measures  officials.) 

Note. — Whenever  a  complete  delivery  is  being  made  from  a  standard  measure 
or  graduate,  drain  this  for  10  seconds. 

Case  I.  For  field  test  of  graduates  which  are  graduated 
“to  contain” : 

1.  Measure  inside  diameter  of  graduate  at  each 

graduation  at  which  a  test  observation  is  to  be 
made,  and  determine  applicable  tolerance.  (Ob¬ 
servations  should  normally  be  made  at  main 
graduations  representing  about  Vo-capacity, 
Vo-capacity,  and  full-capacity.) 

2.  Using  a  standard  graduate  or  a  metal  measure 

or  both,  as  required,  establish  a  measured 
amount  of  water  corresponding  to  the  value  of 
the  graduation  at  which  the  first  observation 
is  to  be  made.  Carefully  pour  from  this  meas¬ 
ured  amount  of  water  into  the  graduate  under 
test  until  the  water  meniscus  coincides  with 
the  graduation  to  be  tested  or  until  the  entire 
amount  has  been  transferred. 

3.  If  some  of  the  measured  water  remains  in  the 

standard,  determine  its  amount ;  this  amount  is 
the  error  “in  deficiency”  at  the  graduation 
under  test.  Then  pour  this  water  into  the 
graduate  under  test. 

4.  If,  following  step  2,  more  water  is  required  to 

bring  the  water  level  to  the  graduation  under 
test,  fill  the  smallest  standard  graduate  with 
water  to  its  capacity  graduation,  transfer  to 
the  graduate  under  test  the  amount  of  water 
required  to  establish  coincidence  between  the 
water  meniscus  and  the  graduation  under  test, 
read  accurately  the  amount  of  water  remaining 
in  the  standard  graduate,  and  subtract  this 
amount  from  the  capacity  of  the  standard  grad- 
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uate ;  this  difference  is  the  error  “in  excess” 
at  the  graduation  under  test. 

5.  As  in  step  2,  establish  a  measured  amount  of 

water  corresponding  to  the  difference  between 
the  value  of  the  graduation  just  tested  and  the 
value  of  the  next  graduation  to  be  tested ;  if 
the  error  at  the  graduation  previously  tested 
was  “in  excess”,  withdraw  from  this  measured 
amount  of  water,  and  discard,  an  amount  equal 
to  that  error.  Then,  as  before,  pour  from  this 
measured  amount  into  the  graduate  under  test 
until  the  water  meniscus  coincides  with  the 
graduation  to  be  tested  or  until  the  entire 
amount  has  been  transferred. 

6.  Proceed  as  in  step  3  or  step  4,  depending  upon 

whether  there  is  more  than  enough  or  not 
enough  of  the  measured  water  to  bring  the 
liquid  to  the  graduation  under  test. 

7.  Proceed  as  in  steps  5  and  6  to  test  at  the  next 

graduation,  and  at  each  additional  graduation, 
at  which  an  observation  is  to  be  made. 

Case  II.  For  field  test  of  graduates  which  are  graduated 
“to  deliver”. 

1.  Same  as  step  1  of  case  I.  Note  that  tolerances  on 

graduates  graduated  “to  deliver”  are  25  per¬ 
cent  greater  than  tabular  values. 

2.  Fill  the  graduate  under  test  with  water  up  to  the 

graduation  at  which  the  first  observation  is  to 
be  made,  empty  the  graduate  in  normal  man¬ 
ner,  and  drain  for  10  seconds. 

3.  Proceed  as  in  steps  2,  3,  and  4  of  case  I  to  deter¬ 

mine  the  error  at  the  graduation  under  test. 

4.  Fill  the  graduate  under  test  with  water  up  to  the 

graduation  at  which  the  second  observation  is 
to  be  made,  empty  the  graduate  in  normal  man¬ 
ner,  and  drain  for  10  seconds. 

5.  Proceed  as  in  steps  2,  3,  and  4  of  case  I  to  deter¬ 

mine  the  error  at  the  second  graduation  to  be 
tested,  using  the  full  amount  of  water  corre¬ 
sponding  to  the  value  of  this  graduation  just 
as  though  this  were  the  first  observation  being 
made. 

6.  Proceed  as  in  steps  4  and  5  to  test  at  the  next 
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graduation,  and  at  each  additional  graduation, 
at  which  an  observation  is  to  be  made. 

Case  III.  For  office  test  of  graduates  which  are  gradu¬ 
ated  “to  contain”. 

1.  Same  as  step  1  of  case  I. 

2.  Deliver  water  from  a  burette  to  the  graduate 

under  test  until  the  water  meniscus  coincides 
with  the  first  graduation  to  be  tested,  reading 
the  amount  delivered  directly  from  the  bu¬ 
rette.  The  error  is  the  difference  between  the 
amount  delivered  and  the  nominal  value  of  the 
graduation  under  test. 

3.  Deliver  water  from  a  burette  to  the  graduate 

until  the  water  meniscus  coincides  with  the 
second  graduation  to  be  tested.  Determine  the 
total  amount  delivered  in  steps  2  and  3,  com¬ 
pare  this  with  the  nominal  value  of  the  grad¬ 
uation,  and  compute  the  error  of  the  gradua¬ 
tion  under  test. 

4.  Proceed  as  m  step  3  to  test  at  the  next  gradua¬ 

tion,  and  at  each  additional  graduation,  at 
which  an  observation  is  to  be  made. 

Case  IV.  For  office  test  of  graduates  which  are  gradu¬ 
ated  “to  deliver” : 

1.  Same  as  step  1  of  case  II. 

2.  Fill  the  graduate  under  test  with  water  up  to 

the  capacity  graduation,  empty  the  graduate 
in  normal  manner,  and  drain  for  10  seconds. 

3.  Proceed  promptly  as  in  step  2  of  case  III  to  de¬ 

termine  the  error  at  the  first  graduation  to  be 
tested. 

4.  Proceed  promptly  as  in  steps  3  and  4  of  case  III 

to  determine  the  errors  at  each  of  the  other 
graduations  at  which  observations  are  to  be 
made. 
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Chapter  10.— MEASURE-CONTAINERS 

Description. — In  a  broad  sense  a  measure-container  is 
something  which  performs  the  dual  function  of  serving 
as  the  measure  which  determines  the  amount  of  a  com¬ 
modity  which  is  to  be  delivered  to  a  customer  and  of 
serving  as  the  primary  container  in  which  the  commodity 
is  delivered  to  the  customer.  In  the  weights  and  measures 
specification  sense  the  term  “measure-container”  is  re¬ 
stricted  to  mean  only  those  items  which  are  “intended  to 
be  used  once  only” — that  is,  single-service  containers — 
and  which  are  used  as  measures  “at  the  time  of  retail 
sale  *  *  *  from  bulk  supply”.  Moreover,  the  meas¬ 

urement  is  required  to  be  “on  the  basis  of  liquid  measure”. 
All  of  these  qualifications  must  be  met  for  the  item  to  be, 
for  weights  and  measures  regulatory  purposes,  a  “meas¬ 
ure-container”.  The  code  of  specifications  and  tolerances 
for  measure-containers  defines  a  measure-container  in  the 
following  words : 

A  container  intended  to  be  used  once  only,  to  determine  at 
the  time  of  retail  sale  the  quantity  of  commodity  compris¬ 
ing  a  retail  sale  made  from  bulk  supply  on  the  basis  of 
liquid  measure  and  to  serve  as  the  container  for  the  delivery 
of  the  commodity  to  the  customer. 

Also,  it  is  stated  in  the  paragraph  dealing  with  the  appli¬ 
cation  of  the  code, 

This  code  does  not  apply  to  measure-containers  used  for 
milk,  cream,  and  buttermilk,  these  being  covered  by  the  code 
for  Milk  Bottles,  or  to  measure-containers  used  for  the  pre¬ 
packing  of  “packages”  of  commodities. 

In  the  foregoing  statement,  “packages”  means  packages 
put  up  in  advance  of  retail  sale,  and  includes  all  of  the 
so-called  “factory-packed”  packages. 

Accordingly,  “measure-containers”,  for  purposes  of  the 
code,  are  those  paper-board  containers  designed  to  be 
used  as  measures,  which  a  retailer  keeps  on  hand,  in 
empty  condition,  and  which  he  uses  from  time  to  time  as 
measures  and  containers  when  selling  such  commodities 
as  ice  cream,  oysters,  salads,  cooked  foods,  pickles,  olives, 
and  the  like,  from  bulk  supply  on  the  basis  of  liquid 
measure. 
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The  nominal  capacities  of  the  measure-containers  in 
most  common  use  are  Yi  pint  liquid,  1  pint  liquid,  and 
1  quart  liquid.  The  capacity  of  a  measure-container  may 
be  defined  by  its  top  edge  or  by  a  graduation,  shoulder, 
or  indentation  below  the  top  edge.  In  shape,  a  measure- 
container  may  be  in  the  form  of  a  cylinder  (having  cir¬ 
cular  cross  section  of  uniform  diameter),  an  inverted 
truncated  cone  (having  circular  cross  section  but  with 
the  top  diameter  greater  than  the  bottom  diameter),  or 
an  inverted  truncated  pyramid  (having  rectangular  cross 
section  but  with  the  dimensions  at  the  top  greater  than 
those  at  the  bottom).  Means  are  always  provided  for 
closing  the  container,  either  by  a  separate  lid  or  cover  or 
by  flaps  which  are  extensions  of  the  sides.  When  sitting 
upright  a  measure-container  may  rest  upon  its  bottom, 
or  the  bottom  may  be  raised  above  the  lower  edge  of  the 
side  wall. 

Inspection.  —  Measure-containers  are  mass-produced 
under  conditions  which  should  insure  a  satisfactory  de¬ 
gree  of  uniformity  in  the  finished  product,  and  are  in¬ 
spected  (and  tested)  “by  sample”;  that  is,  the  inspection 
(or  test)  is  made  on  a  sample  of  (perhaps  six)  measure- 
containers  of  each  make,  design,  and  capacity,  taken  at 
random  from  regular  production,  and  it  is  assumed  that 
such  sample  is  representative  of  the  entire  production  of 
that  particular  variety.  (For  sanitary  reasons,  samples 
of  measure-containers  which  are  inspected  and  tested 
should  not  subsequently  be  used  for  dispensing  food  prod¬ 
ucts.) 

Inspection  will  ordinarily  precede  testing.  Measure- 
containers  should  comply  with  the  applicable  provisions 
of  general  specifications  G-S.l.,  G-S.2.,  G-S.3.,  G-S.4.1., 
G-3.4.2.1.,  and  G-S.6.,  and  general  regulations  G-R.3.  and 
G-R.5.  Under  G-S.3.,  measure-containers  of  inadequate 
strength  to  maintain  their  shape,  and  thus  their  accuracy, 
within  reasonable  limits  under  normal  service  conditions 
should  be  rejected.  Under  G-S.4.1.,  measure-containers  of 
the  type  in  which  the  capacity  point  is  defined  by  a  grad¬ 
uation  near  the  top  edge  of  the  measure-container,  should 
be  rejected  if  the  graduations  are  not  clear  and  definite 
and  readily  susceptible  of  giving  accurate  indications. 
Measure-containers  should  also  be  inspected  for  com¬ 
pliance  with  the  applicable  specification  requirements  of 
the  code  for  measure-containers. 
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Testing  Apparatus. — No  volumetric  standards  will  be 
required  in  addition  to  those  specified  in  chapter  8  as 
necessary  for  the  testing  of  liquid  measures.  Minimum 
requirements  will  be  1-quart,  1-pint,  and  i^-pint  (and 
possibly  1/4-pint)  metal,  slicker-slate,  liquid-measure 
standards  (see  chapter  8)  and  a  1-fluid-ounce  cylindrical 
graduate  subdivided  to  1/4  fluid  dram.  If  special  bulb 
burettes,  as  suggested  in  chapter  11  for  use  in  the  office 
testing  of  milk  bottles,  are  available,  these  can  be  used 
to  advantage  in  the  testing  of  measure  containers.  An 
inside  caliper  and  a  linear  scale  will  be  needed  when  in¬ 
specting  for  compliance  with  measure-container  specifica¬ 
tion  S.2.2.  The  6-inch  steel  scale  specified  in  chapter  4 
will  be  adequate,  although  a  longer  scale,  9  or  12  inches, 
will  be  more  convenient  for  use  with  measures  of  the 
larger  capacities. 

Testing  Procedure. — It  is  practicable  to  test  measure- 
containers  in  the  field,  although  it  is  to  be  anticipated 
that,  ordinarily,  testing  will  be  carried  out  in  the  office 
and  that  field  work  in  connection  with  measure-containers 
will  consist  of  inspections,  as  recommended  later  in  this 
chapter  under  the  heading  “Supervision  Over  Use”. 

Water  is  recommended  as  the  testing  medium.  It  should 
always  be  practicable  to  test  a  measure-container  by 
means  of  a  standard  of  the  same  nominal  capacity  as  the 
measure-container,  and  this  is  recommended.  Measure- 
containers  of  circular  cross  section  are  ordinarily  of 
sturdy  construction  and  will  not  be  deformed  when  filled 
with  water.  If  the  cross  section  is  rectangular,  some  de¬ 
formation  from  normal  shape  will  take  place  unless  the 
measure-container  is  made  of  unusually  heavy  material. 
Such  deformation,  consisting  of  a  bulging  of  the  sides, 
will  increase  the  capacity  as  compared  with  the  capacity 
when  the  measure-container  is  not  deformed.  A  measure- 
container  should  not  be  tested  in  a  deformed  condition. 
Accordingly  the  measure-container  of  rectangular  cross 
section  should,  if  necessary,  be  so  restrained  before  the 
actual  test  is  begun  that  its  sides  will  not  bulge  when 
it  is  filled  with  water.  This  can  be  accomplished  by  apply¬ 
ing  a  metal  plate  or  a  piece  of  heavy  cardboard  to  each 
side  of  the  measure-container ;  these  pieces  should  be  only 
slightly  smaller  than  the  sides  to  which  they  are  applied, 
and  they  can  be  held  securely  in  place  during  the  testing 
operation  by  means  of  rubber  bands  or  cord  applied  near 
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top  and  bottom.  During  test  the  measure-container  should 
rest  on  a  rigid,  level  surface. 

The  measure-container  having  been  stiffened,  if  neces¬ 
sary,  as  described  in  the  preceding  paragraph,  it  is  then 
tested  with  water  in  exactly  the  same  way  as  has  been 
prescribed  in  chapter  8  for  the  testing  of  a  liquid  measure. 

Testing  Outline 

(For  tests  of  measure-containers  by  weights  and  measures 

officials.) 

1.  If  the  measure-container  needs  to  be  restrained 

to  prevent  distortion  during  test,  apply  flat 
pieces  of  metal  or  heavy  cardboard  to  sides  and 
secure  these  in  position  by  rubber  bands  or 
cord. 

2.  Fill  standard  with  water  to  proper  point. 

3.  Remove  any  water  adhering  to  outside  of  stand¬ 

ard. 

4.  Pour  measured  water  into  measure-container  be¬ 

ing  tested,  until  measure-container  is  filled  to 
proper  point  or  all  measured  water  is  trans¬ 
ferred.  In  latter  case  drain  standard  for  10 
seconds. 

5.  If  measure-container  is  too  small  and  will  not  ac¬ 

cept  all  of  the  measured  water,  transfer  re¬ 
maining  water  to  the  graduate,  draining  the 
standard  for  10  seconds.  The  water  in  the  grad¬ 
uate  represents  the  error  “in  deficiency”  of  the 
measure-container. 

6.  If  the  measure-container  is  not  properly  filled 

after  all  of  the  measured  water  has  been  trans¬ 
ferred  to  it,  fill  the  graduate  to  its  capacity 
graduation  and  pour  water  from  it  into  the 
measure-container  until  the  measure-container 
is  properly  filled.  Read  the  amount  of  water  re¬ 
maining  in  the  graduate;  the  difference  be¬ 
tween  this  amount  and  the  capacity  of  the  grad¬ 
uate  represents  the  error  “in  excess”  of  the 
measure-container, 

Supervision  Over  Use. — The  official  need  not  test  sam¬ 
ples  of  measure-containers  from  every  retail  store  in  his 
jurisdiction.  As  has  previously  been  mentioned,  measure- 
containers  of  a  particular  make,  design,  and  nominal 
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capacity  should  be  uniform — within  small  limits — in  all 
respects.  Having  once  critically  inspected  and  tested,  let 
us  say,  samples  of  the  1-pint  container  of  manufacturer 
“A”  known  as  style  or  model  or  type  “x-y-z”  and  having 
found  these  acceptable,  it  is  to  be  presumed  that  A’s 
1-pint  x-y-z  measure-containers  as  furnished  to  retailers 
for  their  use  will  be  uniform  with  the  samples  examined 
and  so  will  be  suitable  for  commercial  use.  It  will  ordi¬ 
narily  be  sufficient,  then,  if  the  official,  encountering  meas¬ 
ure-containers  of  this  particular  description  ready  for  use 
in  retail  stores,  merely  inspects  a  few  of  them  from  time 
to  time  for  such  obvious  characteristics  as  the  legibility  of 
the  required  marking  (which  might  have  deteriorated 
through  carelessness  at  the  factory) ,  and  the  definiteness 
and  conspicuousness  of  the  graduation  if  one  is  utilized. 
However,  at  irregular  intervals  a  few  of  these  measure- 
containers  should  be  picked  up,  taken  to  the  office,  and 
tested,  as  a  check  on  their  continuing  accuracy. 

There  is  also  another  phase  of  the  field  supervision 
associated  with  measure-containers  which  should  not  be 
overlooked.  A  particular  measure-container  made  from 
lightweight  stock  might  have  been  approved  by  the  official 
upon  representation  that  it  was  always  to  be  used  with  a 
restraining  form  which  would  prevent  bulging  of  its 
sides  during  the  filling  and  measuring  operation.  If  field 
inspection  discloses  that  the  stipulation  for  use  of  the 
form  is  not  being  observed  by  a  particular  retailer  or 
retailers  the  official  would  be  justified  in  taking  such 
remedial  steps  with  respect  to  these  particular  users  as 
circumstances  indicate — insistence  on  use  of  the  pre¬ 
scribed  forms  with  the  lightweight  measure-containers, 
or  procurement  of  measure-containers  made  from  heavier 
stock. 


Chapter  11.— MILK  BOTTLES 

Description. — The  code  for  milk  bottles  defines  a  milk 
bottle  as : 

Any  glass  bottle  of  the  general  form  which  has  customarily 
been  used  for  the  measurement  and  delivery  of  milk,  cream, 
and  buttermilk  at  retail  and  any  other  container  employed  for 
this  purpose. 

It  is  important  to  note  that  by  the  terms  of  this  definition, 
a  container  must,  among  other  things,  be  used  as  a  meas¬ 
ure  in  order  for  it  to  qualify  as  a  “milk  bottle”  under  the 
code. 

There  are  in  common  and  widespread  use  two  principal 
types  of  containers  for  the  dispensing  of  market  milk, 
cream,  and  buttermilk  at  retail,  (1)  a  single-service,  pa¬ 
per-board  container  which  is  not  used  as  a  measure,  and 
(2)  a  multiple-use,  glass  bottle  which  is  used  as  a  measure. 
A  third  type,  a  single-service  paper-board  container  which 
is  used  as  a  measure,  appears  to  be  in  somewhat  limited 
use. 

The  paper-board  container  which  is  not  used  as  a  meas¬ 
ure  results  from  the  operation  of  an  automatic,  combina¬ 
tion  container-forming  and  liquid-measuring  machine. 
The  container  is  square  in  cross  section,  the  top  may  be 
flat  or  may  be  shaped  like  a  gable  roof,  and  the  level  of 
the  liquid  when  the  container  is  filled  in  normal  manner 
may  be  well  below  the  extreme  top  of  the  container.  The 
container  itself  does  not  in  any  way  determine  the  amount 
of  its  contents;  the  measuring  operation  is  performed 
by  mechanical  elements  within  the  machine.  Container 
and  contents  constitute  a  “package”  in  the  weights  and 
measures  sense,  which  package  is  subject  to  the  require¬ 
ment  for  declaration  of  contents  and  to  other  labeling 
requirements  just  as  in  the  case  of  any  other  food  pack¬ 
age.  This  type  of  container  does  not  come  within  the 
purview  of  the  code  for  milk  bottles. 

The  multiple-use  glass  milk  and  cream  bottle  and  the 
single-service  paper-board  container  which  is  used  as  a 
measure  (in  the  same  way  as  is  the  glass  bottle)  do  come 
within  the  purview  of  the  code  for  milk  bottles.  Each  type 
is  pre-formed  before  use  and  each  is  provided  with  means 
for  establishing  definitely  the  “plane  of  the  sealing  sur- 
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face”  with  respect  to  which  the  capacity  point  of  the 
“regular”  bottle  is  defined;  in  the  bottle  using  the  con¬ 
ventional  paper-board  “cap”,  this  plane  is  defined  by  the 
cap  seat,  and  in  the  bottle  using  the  metal  “crown  cap” 
and  not  provided  with  a  cap  seat,  this  plane  is  defined 
by  the  top  edge  of  the  bottle.  The  filling  machines  with 
which  these  containers  are  used  are  not  measuring  ma¬ 
chines,  but  merely  fill  each  container  to  a  certain  level 
in  the  container.  The  capacity  of  the  container  thus  de¬ 
termines  the  amount  of  milk  or  other  liquid  placed  in 
the  container,  and  the  container  is  actually  “used  for  the 
measurement”  of  its  contents.  These  containers  may  be 
circular  or  essentially  square  in  cross  section,  and  when 
normally  filled  the  level  of  the  liquid  is  close  to  the  top 
of  the  container.  Container  and  contents  constitute  a 
“package”  in  the  weights  and  measures  sense.  But  this 
type  of  container  is  separately  treated  by  the  official 
as  a  measure  in  itself,  and  it  is  this  treatment  to  which 
this  chapter  is  primarily  devoted. 

There  is  in  very  limited  use  a  “special”  bottle,  this 
being  a  variation  of  the  “regular”  glass  bottle,  in  which 
the  capacity  point  is  defined  by  a  graduation  at  some 
distance  below  the  bottle  top.  (See  specification  S.2.2.  of 
the  code  for  milk  bottles.)  Specific  reference  to  the  testing 
of  this  bottle  need  not  be  made  in  this  discussion;  it  can 
be  tested  under  the  procedure  outlined  in  chapter  12  for 
lubricating-oil  bottles. 

The  code  for  milk  bottles  specifies  that  the  capacity 
of  a  milk  bottle  shall  be  %  liquid  pint  or  1  gill,  i/2  liquid 
pint,  1  liquid  pint,  1  liquid  quart,  l/l  gallon,  1  gallon,  or 
2  gallons.  The  most  common  capacities  for  milk  bottles 
are  V2  pint  liquid,  1  pint  liquid,  and  1  quart  liquid.  In  more 
limited  use  are  bottles  having  capacities  of  14  pint  liquid 
and  i/2  gallon,  and  occasionally  1-gallon  and  2-gallon  bot¬ 
tles  may  be  encountered. 

Inspection. — Milk  bottles  are  mass-produced  under  con¬ 
ditions  which  normally  result  in  a  relatively  high  degree 
of  uniformity  in  the  finished  product,  and  are  inspected 
(and  tested)  “by  sample”.  (Even  though  glass  bottles 
are  “measures”  and  are  repeatedly  used,  it  would  be  im¬ 
practicable,  under  prevailing  conditions,  for  an  official 
to  test  each  bottle  individually  for  accuracy,  nor  is  in¬ 
dividual  testing  of  such  bottles  considered  at  all  neces¬ 
sary  in  view  of  the  controls  normally  exercised  in  the 
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manufacturing  process.)  Each  make,  pattern,  and  ca¬ 
pacity  of  bottles  is  separately  considered,  and  for  pur¬ 
poses  of  inspection,  as  distinguished  from  test,  a  small 
sample,  perhaps  six  bottles,  should  be  adequate  for  each 
variety.  Sample  bottles  should,  of  course,  be  chosen  at 
random  from  regular  production. 

Inspection  will  normally  precede  testing.  Milk  bottles 
should  comply  with  all  applicable  specification  require¬ 
ments  of  the  code  for  milk  bottles,  and  with  the  applicable 
provisions  of  certain  general  specifications,  as  follows: 
G-S.l.  and  G-S.6.  apply  to  all  bottles;  G-S.3.  applies  to 
paper-board  bottles;  and  G-S.4.1.  and  G-S.4.2.1.  apply  to 
“special”  bottles. 

Milk  bottles  are  ordinarily  purchased  by  prospective 
users  in  considerable  quantity  at  one  time;  for  example, 
a  single  order  of  a  railway  carload  of  glass  bottles  is  not 
at  all  unusual.  Since  molds  for  glass  bottles  must  be 
repaired  and  renewed  from  time  to  time  and  machines  for 
forming  paper-board  bottles  must  be  adjusted  from  time 
to  time,  it  is  possible  that  bottles  of  a  given  variety 
produced  at  a  particular  time  may  differ  slightly  from 
bottles  of  that  variety  produced  at  another  time,  such 
differences  being  unintentional  on  the  part  of  the  manu¬ 
facturer.  It  is  considered  advisable,  therefore,  that  the 
official  check  the  continued  acceptability  of  bottles  of 
which  samples  have  once  been  examined  and  found  satis¬ 
factory.  An  effective  method  of  maintaining  such  a  check 
is  to  inspect  (and  test)  a  sample  from  each  large  ship¬ 
ment  of  bottles  into  the  official’s  territory,  before  the 
bottles  comprising  such  shipment  are  put  into  use.  Thus, 
in  the  event  that  the  bottles  of  a  particular  shipment 
are  found  to  be  inaccurate  or  otherwise  not  in  compli¬ 
ance  with  the  requirements,  the  entire  shipment  can  be 
kept  out  of  service.  Under  such  a  plan  examinations  of 
bottles  in  actual  use  by  bottlers  need  not  be  made,  ef¬ 
fective  controls  being  maintained  by  a  system  of  super¬ 
vision  over  incoming  shipments  of  new  bottles  which 
will  insure  that  only  acceptable  bottles  get  into  service. 

As  in  the  case  of  measure-containers,  for  sanitary  rea¬ 
sons  single-service  bottles  which  have  been  inspected  or 
tested  should  not  subsequently  be  used  for  dispensing 
food  products. 

Testing  Apparatus. — For  the  field  testing  of  milk  bot¬ 
tles,  no  volumetric  standards  will  be  required  in  addition 
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to  those  specified  in  chapter  8  as  necessary  for  the  testing 
of  liquid  measures.  (However,  see  the  recommendation 
for  the  use  of  special  burettes  for  office  testing  of  milk 
bottles,  made  later  in  this  discussion.)  Minimum  require¬ 
ments  will  be  i^-pint  (1-gill),  1/2-pint,  1-pint,  and  1-quart 
metal,  slicker-plate,  liquid  measure  standards  (see  chap¬ 
ter  8)  and  a  1-fluid-ounce  cylindrical  graduate  subdivided 
to  !/4  fluid  dram ;  if  ^-gallon,  1-gallon,  or  2-gallon  bottles 
are  to  be  tested,  metal  standards  of  ^-gallon  and  1-gallon 
capacities  should  be  added  to  the  series  to  avoid  as  nearly 
as  practicable  repeated  use  of  a  standard  to  build  up  to 
the  capacity  of  these  large  sizes. 


Figure  1.  Milk-bottle  testing  gage. 

The  capacity  point  of  a  regular  milk  bottle  is  defined 
by  the  milk-bottle  code  as  a  certain  distance  below  the 
plane  of  the  bottle’s  sealing  surface;  for  all  types  of  bot¬ 
tles  which  will  ordinarily  be  encountered,  this  distance  is 
t/4  inch.  A  suitable  depth  gage  is  the  most  convenient 
and  accurate  means  for  determining  when  the  liquid  sur¬ 
face  reaches  the  specified  point  in  the  course  of  the  test¬ 
ing  operation.  Such  a  gage  is  illustrated  in  figure  1  and 
a  working  drawing  for  its  construction  is  given  in  figure 
2.  This  gage  is  designed  to  rest  squarely  on  the  cap  seat 
of  the  bottle  and  a  separate  gage  will  be  required  for 
each  different  cap-seat  size.  Appropriate  values  for  the 
“A”  dimension  of  the  gage  for  the  three  cap-seat  sizes 
commonly  employed  are  shown  in  figure  2. 

The  gage  is  provided  with  a  pin  which  projects  down¬ 
ward,  the  end  of  the  pin  being  1/4  inch  below  the  under 
side  of  the  gage.  When  the  gage  is  in  position  on  the  cap 
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seat  of  a  bottle,  the  tip  of  the  pin  is  thus  *4  inch  below 
the  level  of  the  cap  seat. 

The  gage  is  used  as  follows:  Measured  water  is  trans¬ 
ferred  to  the  bottle  under  test  until  the  level  is  close 
to  the  capacity  point.  The  gage  is  then  set  in  position 
on  the  cap  seat  and  water  is  carefully  added  until  the 
liquid  surface  just  touches  the  tip  of  the  gage;  this  is  a 
very  precise  way  of  bringing  the  liquid  surface  to  a  point 
exactly  14  inch  below  the  plane  of  the  cap  seat. 

For  use  with  bottles  without  cap  seats  a  single  gage 
only  will  be  required.  This  will  differ  only  slightly  from 
the  gage  which  has  just  been  described;  the  “A”  dimen¬ 
sion  of  figure  2  will  be  increased  sufficiently  for  the  gage 
to  rest  securely  on  the  top  surface  of  the  largest  or¬ 
dinary  bottle  top,  which  has  an  outside  diameter  of 
approximately  2  inches.  When  the  gage  is  in  position,  the 
tip  of  the  pin  is  thus  in  a  plane  14  inch  below  the  extreme 
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Figure  2.  Working  drawing  of  milk-bottle  testing  gage. 

top  of  the  bottle.  The  gage  should  be  so  positioned  on  the 
bottle  top  that  the  pin  will  clear  the  wall  of  the  bottle 
neck  by  not  less  than  Vh  inch. 

It  is  practicable  to  test  milk  bottles  in  the  field,  al¬ 
though  it  is  recommended  that  whenever  practicable  such 
testing  be  carried  out  in  the  office,  where  it  can  be  done 
more  conveniently  and  probably  more  accurately.  For 
office  use  it  is  suggested  that  special  bulb  burettes  in 
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capacities  of  V2  liquid  pint  and  one  liquid  pint,  and  if 
practicable  of  1  liquid  quart,  be  obtained,  to  be  used  in 
lieu  of  metal  standards  in  the  testing  of  milk  bottles. 
A  2-fluid-ounce  or  a  4-fluid-ounce  burette  of  standard  pat¬ 
tern  may  be  used  for  testing  i/4-pint  bottles. 

The  special  bulb  burette  is  illustrated  in  figure  3;  in 
figure  4  is  a  working  drawing  for  such  a  burette  in  the 
1-pint  capacity.  Referring  to  figure  3,  the  container  at  the 
upper  left  is  a  reservoir  for  water,  from  which  the  burette 
at  the  right  may  be  filled  by  gravity  through  the  upper 
stop  cock  shown  at  the  left  of  the  tube  of  the  burette.  At 
the  top  of  the  burette,  above  the  bulb,  is  a  curved  over¬ 
flow  tip  enclosed  in  a  vented  chamber  equipped  with  a 
drain ;  when  the  burette  is  filled  to  the  point  where  water 
flows  from  this  overflow  tip  and  the  supply  is  then  cut 
off  by  the  stop  cock,  any  excess  of  water  flows  away 
through  the  drain  tube  to  a  suitable  receptacle  and  a 
correct  “zero”  condition  for  the  burette  is  automatically 
established.  The  cylindrical  tube  of  the  burette,  below  the 
bulb,  is  graduated;  the  graduation  representing  a  deliv¬ 
ery  of  an  amount  equal  to  the  nominal  capacity  of  the 
burette  is  at  the  midpoint  of  the  graduated  scale,  the 
graduations  above  and  below  this  “zero  error”  or  “ca¬ 
pacity”  graduation  enabling  an  observer  to  read  directly 
the  amount  (within  the  limits  of  the  graduated  scale)  by 
which  an  actual  delivery  exceeds  or  is  less  than  the  nom¬ 
inal  burette  capacity.  The  burette  is  calibrated  “to  de¬ 
liver”,  and  delivery  is  made  through  the  lower  stop  cock 
directly  into  the  milk  bottle  under  test.  Rubber  tubing  is 
used  to  connect  reservoir  and  burette  and  to  lead  the 
overflow  from  the  drain  of  the  burette  to  a  receptacle. 
The  complete  apparatus  is  mounted  on  a  laboratory  stand. 

It  should  be  particularly  noted  that  the  delivery  tube 
below  the  delivery  cock  of  the  bulb  burette  does  not  drain 
under  normal  operating  conditions  but  remains  filled  with 
water.  Therefore,  when  the  burette  is  about  to  be  used 
following  a  period  of  nonuse  during  which  the  delivery 
tube  has  been  emptied,  it  is  important  to  refill  the  deliv¬ 
ery  tube  before  establishing  the  “zero  condition”  of  the 
burette.  Starting  with  a  dry  burette,  the  steps  to  be  fol¬ 
lowed  are:  (1)  With  the  lower  or  “delivery”  stop  cock 
closed,  open  the  upper  cock  and  partially  fill  the  burette. 
(2)  Close  the  upper  cock.  (3)  Partially  open  the  lower 
cock  until  the  delivery  tube  is  completely  filled  and  some 
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Figure  3.  Special  btilb  burette  for  milk-bottle  testing. 
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Figure  4.  Working  drawing  of  special  bulb  burette  for 

milk-bottle  testing. 
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water  has  been  discharged  through  its  tip.  (4)  Close 
the  lower  cock.  (5)  Open  the  upper  cock  until  the  burette 
is  completely  filled  and  a  small  amount  of  water  has 
flowed  through  the  overflow  tip.  (6)  Close  the  upper  cock. 
The  burette  is  then  properly  filled  and  ready  for  use.  So 
long  as  the  burette  is  not  drained  and  the  delivery  tube 
remains  filled,  subsequent  operation  is  merely  a  succes¬ 
sion  of  alternating  fill  (steps  (5)  and  (6)  above)  and  de¬ 
livery  operations. 

Bulb  burettes  can  be  made  and  graduated  as  shown  in 
figure  4  in  any  of  the  capacities  previously  suggested, 
merely  by  varying,  as  required,  the  size  of  the  bulb. 
Graduation  of  the  burette  tube  to  6  fluid  drams  above  and 
below  the  “capacity”  graduation,  as  shown,  is  adequate 
for  any  of  the  burette  capacities  recommended.  These 
burettes  are  not  known  to  be  available  from  stock,  and 
so  must  be  made  to  individual  order.  As  compared  with 
tests  made  by  the  use  of  metal  standards,  tests  of  milk 
bottles  made  by  the  use  of  bulb  burettes  can  be  expected 
to  be  made  with  greater  accuracy  and  convenience  and 
•  in  less  time. 

Testing  Procedure. — Water  is  recommended  as  the  test¬ 
ing  medium.  The  code  specifies  standard  capacities  for 
milk  bottles  “when  the  temperature  of  the  bottle  is  20° 
C.  (68°  F.)”.  During  tests,  the  bottles  being  tested,  the 
testing  apparatus,  the  water,  and  the  atmosphere  should 
be  at  approximately  the  same  temperature,  and  this 
should  not  differ  from  the  standard  temperature  of  68°  F. 
by  more  than  a  few  degrees.  The  inside  walls  of  a  bottle 
should  be  dry  before  transfer  of  measured  water  to  the 
bottle. 

The  basic  principle  employed  in  the  test  of  milk  bot¬ 
tles  is  the  transfer  to  the  bottles  of  known  volumes  of 
water,  determined  by  use  of  standard  measures,  burettes, 
or  graduates,  to  establish  whether  or  not  the  bottles  hold 
correct  amounts  within  the  specified  individual  and  aver¬ 
age  tolerances. 

The  code  specifies  that  tolerances  “shall  be  applied 
to  the  results  of  a  test  of  not  less  than  25  bottles  of  the 
same  capacity  and  ownership,  selected  at  random  from 
the  whole  supply  available”.  This  requirement  should  be 
interpreted  to  mean  also  “of  the  same  pattern  or  de¬ 
sign”,  since  it  is  obvious  that  it  would  not  be  fair  to 
combine  results  on  bottles  of  two  differing  patterns 
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(round  and  square  bottles,  for  example),  even  though  of 
the  same  capacity  and  ownership.  This  is  testing  ‘‘by 
sample”,  as  discussed  earlier  in  this  chapter  under  “In¬ 
spection”.  Once  tested  and  found  to  be  accurate,  milk  bot¬ 
tles  need  not  be  repeatedly  tested;  their  capacities  can¬ 
not  change  through  use,  a  circumstance  which  also  ex¬ 
plains  the  code  provision  that  acceptance  and  maintenance 
tolerances  are  identical. 

Having  selected  the  prescribed  sample  of  bottles,  the 
official  will  test  these  individually,  recording  the  sign  and 
amount  of  each  individual  error  so  that  the  average  error 
of  the  lot  can  be  computed  as  prescribed  in  the  code.  If 
metal  capacity  standards  are  utilized,  the  test  is  con¬ 
ducted  in  exactly  the  same  way  as  has  been  prescribed 
in  Chapter  8  for  the  testing  of  liquid  measures,  with  the 
single  exception  that  the  depth  gage  is  used  to  accom¬ 
plish  precisely  the  filling  of  the  bottles  to  the  proper 
point.  If  the  testing  standard  is  a  conventional  burette 
or  a  bulb  burette,  the  procedure  differs  only  in  that  the 
measured  volume  of  water  is  established  by  the  burette 
and  the  error  is  read  directly  from  the  burette  in  what 
amounts  essentially  to  a  single  operation,  delivery  being 
made  without  interruption  from  the  burette  to  the  bot¬ 
tle  under  test  until  the  liquid  surface  just  touches  the 
tip  of  the  pin  of  the  gage.  The  meniscus  of  the  liquid  in 
the  burette  will  be  more  sharply  defined,  and  a  more  pre¬ 
cise  setting  can  be  obtained,  if  a  black  shade  or  collar, 
consisting  of  a  short,  split  section  cut  from  black  rubber 
tubing  and  of  such  diameter  as  almost  to  encircle  the  tube 
of  the  burette,  is  positioned  slightly  below  the  meniscus. 

A  modification  of  the  field  testing  procedure  in  which 
metal  standards  are  utilized,  has  been  developed  in  one 
State,  and  this  is  reported  to  be  giving  good  satisfaction. 
This  is  based  upon  the  assumption  that  an  individual 
bottle  will  seldom  have  an  error  greater  than  1  fluid  ounce. 
Instead  of  the  regular  metal  standards,  three  special  glass 
flasks  have  been  provided,  each  of  these  having  a  capacity 
of  1  fluid  ounce  less  than  the  nominal  capacity  of  the 
milk  bottle  with  which  it  is  to  be  used ;  thus  the  capacities 
of  these  flasks  to  the  graduation  marks  on  their  necks  are 
7  fluid  ounces,  15  fluid  ounces,  and  81  fluid  ounces,  for 
the  testing  of  %-pint,  1-pint,  and  1-quart  bottles,  re¬ 
spectively.  (See  fig.  5.)  A  2-fluid-ounce  cylindrical  grad¬ 
uate  is  used  in  the  conventional  manner  or,  to  adapt  it 
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particularly  to  this  special  use,  it  may  have  its  half-ca¬ 
pacity  graduation  designated  “0”,  with  graduations  above 
this  central  graduation  numbered  upward  from  zero  and 
designated  “minus”,  and  graduations  below  the  central 
graduation  numbered  downward  from  zero  and  desig¬ 
nated  “plus”.  The  use  of  this  equipment  is  as  follows: 
Assume  that  a  1-pint  bottle  is  being  tested.  Fifteen  fluid 


Figure  5.  Special  flasks  and  graduate  for  milk-bottle  testing. 


ounces  of  water,  as  determined  by  the  flask,  is  at  once 
transferred  to  the  botttle,  after  which  the  depth  gage  is 
placed  in  position.  The  graduate  is  filled  to  its  top  gradua¬ 
tion,  and  water  is  then  added  to  the  bottle  from  the 
graduate  until  the  liquid  surface  just  touches  the  tip  of 
the  gage  pin.  If  the  graduate  has  a  conventional  series 
of  graduations,  the  error  of  the  bottle  is  then  computed 
from  the  sum  of  15  fluid  ounces  and  the  amount  trans¬ 
ferred  from  the  graduate ;  if  the  graduations  on  the  grad¬ 
uate  are  specially  numbered  as  suggested  above,  the  bot¬ 
tle  error  is  read  directly  from  the  graduate.  It  is  said 
that  the  special  flasks  are  not  very  expensive,  and  that 
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occasional  replacement  of  flasks  broken  in  the  field  is 
more  than  compensated  for  by  the  greater  facility  of  this 
method  as  compared  with  the  use  of  regular  metal  stand¬ 
ards. 

Testing  Outlines 

(For  tests  of  milk  bottles  by  weights  and  measures  officials.) 

Case  I. — When  metal  liquid  measures  are  used  as  stand¬ 
ards  : 

1.  Fill  standard  with  water  to  proper  point. 

2.  Remove  any  water  adhering  to  outside  of  stand¬ 

ard. 

3.  Pour  measured  water  into  bottle  being  tested,  un¬ 

til  the  surface  of  the  liquid  just  touches  the 
tip  of  the  pin  of  the  depth  gage  or  all  measured 
water  is  transferred.  (Transfer  most  of  the 
water  before  placing  the  depth  gage  in  position. 
Transfer  remaining  water  to  graduate,  drain¬ 
ing  the  standard  for  10  seconds,  so  that  final 
transfer  to  the  bottle  may  be  slowly  made  from 
the  graduate  through  the  opening  in  the  gage.) 

4.  If  the  bottle  is  too  small,  the  water  remaining  in 

the  graduate  represents  the  error  “in  defi¬ 
ciency”,  of  the  bottle. 

5.  If  the  bottle  is  not  properly  filled  after  all  of  the 

measured  water  has  been  transferred  to  it,  fill 
the  graduate  to  its  capacity  graduation  and 
pour  from  it  into  the  bottle  until  this  is  prop¬ 
erly  filled.  The  difference  between  the  amount 
of  water  remaining  in  the  graduate  and  the 
capacity  of  the  graduate  represents  the  error 
“in  excess”,  of  the  bottle. 

6.  Check  the  error  for  compliance  with  the  “in¬ 

dividual”  bottle  tolerance,  and  record  it  for 
later  computation  of  the  average  error  on  the 
lot  of  not  less  than  25  bottles. 

Case  II. — When  burettes  are  used  as  standards : 

1.  Fill  burette. 

2.  Position  depth  gage  on  bottle. 

3.  Deliver  from  burette  to  bottle  until  the  surface 

of  the  water  just  touches  the  tip  of  the  gage 
pin  or  until  the  water  has  been  drawn  down  to 
a  precise  setting  at  the  lowest  graduation  on  the 
burette. 
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4.  If  the  bottle  is  too  small,  its  error  “in  deficiency” 

can  be  read  directly  from  the  bulb  burette  (or 
derived  from  the  reading  of  the  conventional 
burette  as  the  difference  between  the  amount 
delivered  and  the  amount  which  should  have 
been  delivered.) 

5.  If  the  bottle  is  not  properly  filled  at  the  conclu¬ 

sion  of  step  4,  refill  the  burette  to  the  top 
graduation  on  the  tube,  and  then  continue  de¬ 
livery  to  the  bottle  until  the  surface  of  the 
water  just  touches  the  tip  of  the  gage  pin. 
From  the  total  amount  of  water  delivered,  com¬ 
pute  the  error  “in  excess”,  of  the  bottle.  (When 
using  only  the  graduated  tube  of  a  bulb  burette, 
as  in  this  step,  do  not  “read”  the  amount  de¬ 
livered  according  to  the  figures  on  the  scale, 
but  count  the  number  of  drams  and  fractions 
between  the  top  graduation  and  the  meniscus 
at  the  conclusion  of  the  delivery ;  the  total  error 
is  then  the  sum  of  this  amount  and  the  6  drams 
more  than  the  standard  amount  which  was  de¬ 
livered  in  step  4.) 

6.  Check  the  error  for  compliance  with  the  “indi¬ 

vidual”  bottle  tolerance,  and  record  it  for  later 
computation  of  the  average  error  on  the  lot  of 
not  less  than  25  bottles. 

Supervision  Over  Use. — The  criterion  of  proper  “use” 
of  milk  bottles,  from  the  weights  and  measures  view¬ 
point,  is  accurate  filling  of  the  bottles  with  the  liquid 
they  are  used  to  distribute.  It  is  not  enough  that  the 
official  insure  the  accuracy  of  the  bottles  themselves 
through  a  program  of  inspection  and  testing  of  new  sup¬ 
plies  of  bottles  reaching  his  territory,  as  has  been  rec¬ 
ommended  earlier  in  this  chapter.  In  addition  he  should 
systematically  examine  filled  bottles  in  process  of  dis¬ 
tribution  to  insure  that  these  are  being  filled  accurately. 

For  sanitary  reasons  it  is  unwise  to  open  bottles  of 
milk  or  cream  or  other  dairy  products  to  inspect  the 
height  to  which  they  have  been  filled.  Fortunately,  in  the 
case  of  glass  bottles  a  satisfactory  alternative  is  found 
in  a  method  of  sighting  through  the  bottle  to  locate  the 
meniscus  of  the  liquid  and  measuring  its  distance  below 
the  plane  of  the  sealing  surface.  By  relating  this  distance 
to  the  “capacity  point”  for  the  particular  variety  of  bot- 


Milk  Bottles 


101 


tie  under  examination,  the  distance  (if  any)  by  which 
the  liquid  surface  fails  to  reach  the  capacity  point  of 
the  bottle  can  readily  be  arrived  at,  and  if  desired  this 
can  readily  be  translated  into  a  shortage  expressed  in 
volumetric  units. 

It  has  been  found  that  if  a  fairly  strong  flash-lamp 
beam  is  directed  against  the  back  side  of  the  neck  of  a 
glass  bottle,  the  position  of  the  meniscus  of  the  con¬ 
tained  liquid  can  be  observed  with  sufficient  precision  for 
these  inspections  unless  this  falls  directly  behind  a  “roll” 
at  or  near  to  the  top  of  the  bottle.  Measurement  of  the 
height  of  the  meniscus  is  facilitated  by  the  use  of  a 
simple  inspection  gage,  one  form  of  which  is  illustrated 


Figure  6.  Working  drawing  of  check-up  gage  for  examining 

bottles  filled  with  milk. 


by  the  working  drawing  shown  in  figure  6.  The  gage 
shown  was  originally  designed  for  use  with  the  type  of 
bottle  which  employs  the  familiar  paper  “cap”  and  which 
does  not  have  an  auxiliary  paper-board  hood  or  skirt  cov¬ 
ering  the  entire  top  of  the  bottle.  From  figure  6  it  will 
be  seen  that  the  zero  on  the  graduated  length  scale  on 
the  gage  is  to  be  0.04  inch  lower  than  the  tip  end  of 
the  hook;  when  the  gage  is  “hooked”  over  the  top  of  the 
bottle,  with  the  tip  of  the  hook  resting  on  the  top  of  the 
bottle  cap,  the  zero  on  the  scale  then  corresponds  with  the 
position  of  the  surface  of  the  cap  seat — the  “plane  of  the 
sealing  surface”  for  this  variety  of  bottle.  By  increasing 
the  separation  of  the  tip  of  the  hook  and  the  zero  on  the 
scale  from  0.04  inch  to  0.29  inch,  distances  between  the 
meniscus  and  the  “quarter-inch”  capacity  point  prescribed 
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by  the  milk-bottle  code  may  be  read  directly.  The  scale 
is  subdivided  in  0.05-inch  intervals.  The  adjustable  screw 
at  the  bottom  of  the  gage  is  to  be  so  positioned  that  when 
its  end  touches  the  side  of  the  bottle  with  the  gage  in 
place,  the  gage  will  rest  in  a  vertical  position. 

Crown  caps  such  as  are  used  with  milk  bottles  are  ap¬ 
proximately  0.015  inch  thick.  When  the  cap  is  applied 
to  a  bottle  the  top  surface  of  the  cap  is  0.015  inch  or 
slightly  more  above  the  top  surface  of  the  bottle.  Ac¬ 
cordingly,  when  the  inspection  gage  just  described. is  used 
with  milk  bottles  sealed  with  crown  caps,  a  correction 
of  about  0.02  inch  should  be  applied,  the  observed  readings 
being  increased  by  this  amount. 

Bottles  the  tops  of  which  are  hooded  or  skirted  can 
only  be  inspected  for  liquid  level  after  removal  of  these 
auxiliary  covers,  unless  the  liquid  level  is  below  the  bot¬ 
tom  of  the  hood  or  skirt.  If  the  gage  is  used  with  the 
auxiliary  hood  in  place,  a  correction  must  be  applied  for 
the  difference  in  height  between  the  top  of  the  hood  and 
the  top  of  the  sealing  cap,  the  observed  reading  being 
decreased  by  the  correction  factor ;  the  official  can  readily 
determine  the  amount  of  this  correction  for  each  kind 
of  hood  with  which  he  may  have  to  deal.  Before  the  of¬ 
ficial  undertakes  to  remove  the  hoods  from  bottles  of 
milk  which  are  in  process  of  delivery  or  in  the  hands  of 
a  retailer  for  resale,  in  order  to  check  the  height  of  the 
milk  in  the  bottles,  he  should  determine  from  the  proper 
authorities  in  his  jurisdiction  whether  such  removal 
would  violate  any  existing  health  regulation  or  would 
automatically  lower  the  official  “grade”  of  the  milk.  In 
any  event,  it  may  be  found  practical  to  conduct  useful 
inspection  at  bottle  plants  before  the  protecting  hoods 
are  applied  to  the  bottles. 

The  degree  of  success  with  which  the  inspection  gage 
can  be  used  with  paper-board  milk  bottles  will  depend  on 
the  opacity  of  the  material  of  which  the  bottle  is  made. 
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Chapter  12. — LUBRICATING-OIL  BOTTLES 

Description . — The  code  of  specifications  and  tolerances 
for  lubricating-oil  bottles  defines  such  a  bottle  as : 

Any  bottle  used  for  the  measurement  of  lubricating  oil  for 
direct  delivery  to  the  crankcase  of  a  motor  vehicle,  whether 
or  not  the  bottle  is  sealed  with  a  cap  or  some  other  device. 

It  is  probable  that  lubricating-oil  bottles  are  much  less 
widely  used  than  they  were  some  years  ago,  having  been 
supplanted  to  a  considerable  extent  by  sealed  metal  cans. 
A  characteristic  of  lubricating-oil  bottles  is  a  detachable 
metal  spout  or  an  integral  top  of  reduced  diameter,  to 
facilitate  delivery  to  a  crank  case.  At  one  time  ordinary 
Mason  jars  fitted  with  metal  spouts  were  used  for  the 
measurement  and  dispensing  of  lubricating  oil  to  auto¬ 
mobiles;  such  bottles  were  never  designed  for  use  as 
commercial  measures,  they  did  not  conform  to  the  re¬ 
quirements  of  the  code,  and  their  use  as  measures  should 
not  be  permitted.  Although  other  sizes  are  permissible 
under  the  code,  the  manufacture  of  lubricating-oil  bottles 
is  practically  confined  to  the  1-quart  size.  Originally 
required  to  be  made  of  “clear,  uncolored  glass”,  lubricat¬ 
ing-oil  bottles  were  permitted  during  the  war  years  to 
be  made  of  colored  glass;  the  original  requirement  is  now 
restored,  but  is  made  non-retroactive  as  a  protection  to 
colored-glass  bottles  legally  manufactured  which  may 
still  be  in  service. 

Inspection. — Lubricating-oil  bottles  are  mass-produced, 
just  as  milk  bottles  are,  and  so  may  be  inspected  (and 
tested)  “by  sample”.  Each  make,  pattern,  and  capacity 
should  be  separately  treated.  Inspection  should  precede 
testing.  Bottles  should  comply  with  the  applicable  provi¬ 
sions  of  general  specifications  G-S.L  and  G-S.6.,  and  with 
all  applicable  specification  requirements  of  the  code  for 
lubricating-oil  bottles.  Bottles  which  have  once  been 
found  acceptable  need  not  be  reinspected  (or  retested) 
since  their  character  will  not  change  with  use.  It  is  rec¬ 
ommended,  however,  that  a  suitable  check  be  maintained 
on  new  bottles  entering  a  jurisdiction,  in  the  manner  pre¬ 
viously  outlined  in  chapter  11  for  milk  bottles.  If  an  of¬ 
ficial  has  in  use  in  his  territory  only  a  small  number  of 
lubricating-oil  bottles,  it  is  recommended  that  he  inspect 
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(and  test)  all  such  bottles,  rather  than  to  follow  the 
sampling  procedure. 

Testing  Apparatus. — The  standards  provided  for  the 
testing  of  milk  bottles  are  all  that  will  be  required  for 
the  testing  of  lubricating-oil  bottles. 

Testing  Procedure. — Water  is  specified  as  the  testing 
medium.  Field  testing  will  be  found  satisfactory,  although 
office  tests  will  be  somewhat  more  convenient. 

The  basic  testing  principle  is  the  same  as  in  the  case 
of  milk  bottles,  and  the  testing  procedure  is  the  same  as 
outlined  in  chapter  11  for  the  individual  milk  bottle,  with 
one  important  exception.  In  paragraph  N.l.  of  the  lubri¬ 
cating-oil  bottle  code  it  is  specified  that  in  the  test  of  a 
lubricating-oil  bottle,  the  top  of  the  meniscus  of  the  water 
shall  be  brought  into  coincidence  with  the  bottom  of  the 
capacity  graduation.  (This  is  a  departure  from  the  nor¬ 
mal  rule  of  using  the  bottom  of  the  meniscus  as  the 
index.)  The  purpose  of  this  requirement  is  to  provide 
automatically  a  degree  of  compensation,  with  respect  to 
the  amount  of  oil  delivered  from  a  bottle,  for  the  amount 
of  oil  which  adheres  to  the  sides  and  spout  of  the  bottle. 
Further  compensation  of  this  kind  is  provided  by  the 
tolerances  for  lubricating-oil  bottles,  which  are  prescribed 
as  “in  excess”  only,  no  tolerance  in  deficiency  being  rec¬ 
ognized.  Moreover,  the  value  of  the  tolerance  in  excess 
is  double  what  it  would  have  been  had  tolerances  been 
prescribed  in  both  excess  and  deficiency,  the  entire  nor¬ 
mal  tolerance  range  being  covered  by  the  tolerance  in 
excess.  All  errors  on  lubricating-oil  bottles  will  therefore 
be  in  the  direction  of  oversize,  the  amount  of  permissible 
oversize  is  greater  than  normal,  and  no  bottle  is  per¬ 
mitted  to  be  smaller  than  its  nominal  capacity.  It  should 
also  be  noted  that  the  tolerances  are  for  individual  bot¬ 
tles,  no  tolerances  on  average  capacities  being  prescribed. 

Supervision  Over  Use. — The  criterion  of  proper  “use” 
of  lubricating-oil  bottles,  from  the  weights  and  measures 
viewpoint,  is  accurate  filling  of  the  bottles  with  oil  and 
proper  drainage  of  the  bottles  when  oil  is  dispensed. 
Filled  bottles,  ready  to  be  used  in  servicing  motor  ve¬ 
hicles,  should  be  checked  by  the  official  to  insure  that  the 
level  of  the  oil  is  at  least  as  high  as  the  capacity  gradua¬ 
tion  on  each  bottle.  Bottles  which  have  been  emptied  in 
the  course  of  normal  use  and  have  not  yet  been  refilled 
should  be  checked  to  observe  whether  or  not  an  ab- 
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normal  amount  of  oil  remains  in  the  bottles.  In  use,  the 
bottle  should  be  left  up-ended  in  the  oil  fill  pipe  of  the 
motor  vehicle  for  a  reasonable  period — 10  seconds  or 
more — to  permit  proper  drainage.  Even  so,  some  oil  will 
remain  in  the  bottle,  and  if  the  bottle  is  set  back  in  the 
rack  in  an  upright  position,  the  retained  oil  will  grad¬ 
ually  drain  down  the  sides  of  the  bottle  and  collect  at 
the  bottom.  A  few  experiments  by  the  official  will  estab¬ 
lish  in  his  mind  a  practical  guide  to  the  amount  of  re¬ 
tained  oil  to  be  anticipated  in  a  bottle  which  has  been 
drained  for  a  reasonable  period.  If,  then,  bottles  are  found 
containing  excessive  amounts  of  retained  oil,  this  will 
demonstrate  that  sufficient  time  for  drainage  is  not  being 
allowed,  and  suitable  corrective  steps  can  be  taken. 

Lubricating  oil  is  an  expensive  commodity,  and  un¬ 
scrupulous  operators  will  be  tempted  to  remove  bottles 
from  fill  pipes  as  soon  as  the  main  flow  from  the  bottle 
has  ceased,  in  order  to  retain  as  much  oil  as  possible 
and  thus  increase  profits.  It  should  be  viewed  as  a  sus¬ 
picious  circumstance  if  at  any  filling  station  the  practice 
prevails  of  up-ending  emptied  bottles,  immediately  fol¬ 
lowing  delivery  to  a  crank  case,  on  a  drain-rack  or  other¬ 
wise  for  recovery  of  retained  oil. 
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Chapter  13.— LIQUID-MEASURING  DEVICES 

Note. — Liquefied  petroleum  gas — LPG — is  measured  in  the  liquid 
phase  through  metering  devices  similar  to  those  used  for  measuring- 
more  stable  varieties  of  petroleum  products.  The  fact  that  LPG  is 
not  stable  as  a  liquid  at  ordinary  temperatures  and  atmospheric 
pressures,  necessitates  that  it  be  kept  under  considerable  pressure 
to  maintain  its  liquid  state,  and  introduces  a  definite  hazard  from 
the  standpoints  of  accurate  measurement  and  of  safety  in  han¬ 
dling.  The  methods  of  testing  LPG  measuring  devices  and  partic¬ 
ularly  the  testing  apparatus  for  this  purpose  are  now  in  a  state 
of  evolution.  Testing  apparatus  based  upon  volumetric  determina¬ 
tions  and  upon  gravimetric  determinations  have  been  developed 
experimentally  and  are  being  used  in  a  very  limited  number  of 
jurisdictions  at  this  time,  apparently  with  varying  degrees  of  sat¬ 
isfaction.  Until  more  experience  has  been  acquired  it  seems  best 
to  make  no  definite  recommendations  regarding  testing  procedures 
and  apparatus  for  devices  measuring  LPG  as  a  liquid.  Current 
suggestions  and  information  on  this  subject  may  be  obtained  from 
the  Reports  of  recent  meetings  of  the  National  Conference  on 
Weights  and  Measures. 

In  this  chapter,  therefore,  liquid-measuring  devices  for  measur¬ 
ing  LPG  will  not  be  considered. 

Description. — Liquid-measuring  devices  comprise  one 
of  the  most  diverse  single  groups  of  measuring  instru¬ 
ments  with  which  the  weights  and  measures  official  has 
to  deal.  This  is  not  surprising  when  one  considers  the 
very  broad  terms  of  the  definition  of  the  code  for  liquid- 
measuring  devices,  which  reads  as  follows : 

Liquid-Measuring  Device. — A  mechanism  or  machine  de¬ 
signed  to  measure  and  deliver  liquid  by  volume,  which  may  or 
may  not  include  means  to  indicate  automatically  the  total 
money  value  of  liquid  measured,  for  one  of  a  series  of  unit 
prices. 

It  will  be  well  to  emphasize  at  the  outset  that  there  are 
separate  codes  for  grease-measuring  devices  and  for  ve¬ 
hicle  tanks.  Each  of  these  groups  will  be  separately  dis¬ 
cussed  in  a  subsequent  chapter.  It  should  also  be  men¬ 
tioned  that  water  meters  are  specifically  excluded  from 
the  purview  of  the  code  for  liquid-measuring  devices.  On 
the  positive  side,  practically  all  of  the  devices  of  this 
group  which  the  weights  and  measures  official  is  called 
upon  to  examine  are  used  for  the  measurement  of  pe¬ 
troleum  products.  This  preponderance  is  so  great  that 
this  discussion  will  be  limited  to  units  designed  for  the 
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dispensing  of  petroleum  products.  If  the  official  should 
need  to  examine  a  liquid-measuring  device  intended  for 
the  measurement  of  some  other  product,  he  should  have 
no  difficulty  in  applying  the  principles  presented  herein 
and  devising  an  adequate  inspection  and  test  procedure. 

For  purposes  of  this  chapter,  liquid-measuring  devices 
will  be  subdivided  into  two  main  divisions,  retail  devices 
and  wholesale  devices.  A  “wholesale”  device  is  defined  in 
the  code  as  one  which  is  obviously  designed  for  single 
deliveries  of  100  gallons  or  more;  a  “retail”  device,  then, 
is  one  designed  for  unit  deliveries  which  are  not  expected 
to  reach  a  value  of  100  gallons,  the  code  definition  being 
“a  device  obviously  designed  for  retail  deliveries  to  in¬ 
dividual  customers.” 

Further  differentiation  of  liquid-measuring  devices  can 
be  effected  upon  the  basis  of  details  of  design  and  con¬ 
struction,  or  installation.  The  code  carries  definitions  of 
five  “types”,  namely,  wet-hose,  dry-hose,  pressure,  grav¬ 
ity,  and  visible;  “piston”  and  “meter”  types  are  so  well 
understood  that  definitions  of  these  were  not  written  into 
the  code.  Wholesale-type  liquid-measuring  devices  are  al¬ 
most  invariably  large-capacity  meters,  and  these  are  com¬ 
monly  referred  to  as  “wholesale  devices”  or  “wholesale 
meters”;  these  expressions  will  be  so  used  in  this  chap¬ 
ter.  Also,  for  the  sake  of  brevity  in  this  chapter,  the 
term  “device”  will  be  used  to  mean  “liquid-measuring 
device”  unless  the  context  clearly  indicates  some  other 
meaning. 

In  practically  all  cases  there  will  be  found  associated 
with  retail  and  wholesale  devices,  as  essential  parts  of 
the  complete  installations,  elements  such  as  foot  valves, 
check  valves,  pumps,  strainers,  and  air  separators.  In  the 
case  of  retail  devices,  most  of  these  elements  may  be  ex¬ 
pected  to  be  combined  into  a  complete,  compact  unit  as¬ 
sembly;  in  the  case  of  wholesale  devices,  however,  these 
elements  are  ordinarily  installed  as  separate  units  which, 
taken  together  with  the  meter,  comprise  a  complete  in¬ 
stallation.  It  should  in  all  cases  be  clear  from  the  context, 
either  in  this  chapter  or  in  the  code,  whether  reference 
is  being  made  to  all  of  the  elements  of  a  complete  in¬ 
stallation  or  only  to  the  strictly  measuring  elements  of  an 
installation. 

The  earliest  type  of  retail  device  to  be  widely  used  was 
a  hand-operated  piston-type  unit.  These  were  single-cyl- 
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inder,  reciprocating-piston  pumps,  the  length  of  the  piston 
stroke  being  adjustable.  Operation  was  by  means  of  a 
crank,  geared  to  a  rack  connected  to  the  piston  rod.  Nor¬ 
mal  zero  position  of  the  piston  was  its  lowest  position 
in  the  cylinder.  There  was  a  poppet  valve  in  the  cylinder 
and  a  foot  valve  at  the  bottom  of  the  suction  line  in  the 
supply  tank.  The  seal  between  the  piston  and  the  cyl¬ 
inder  walls  was  maintained  by  piston  leathers.  After  the 
system  had  been  properly  filled  with  liquid,  raising  of  the 
piston  forced  out  through  the  discharge  line  the  liquid 
above  the  piston  and  drew  liquid  into  the  cylinder  below 
the  piston  by  suction  from  the  supply  tank.  A  full  dis¬ 
charge  cycle  was  completed  when  the  piston  had  been 
raised  from  its  lowest  to  its  highest  position  and  re¬ 
turned  to  starting  position ;  the  main  discharge  took  place 
on  the  up-stroke  of  the  piston  and  a  dribble  flow,  caused 
by  displacement  of  liquid  by  the  descending  piston  rod, 
occurred  during  the  down-stroke.  Ratchet  counters,  which 
could  be  reset  to  zero  reading,  were  provided  to  totalize 
the  number  of  complete  strokes  comprising  an  individual 
delivery. 

At  first  these  piston-type  units  were  made  to  have  a 
capacity  of  1  gallon  per  stroke,  and  they  were  used 
largely  for  the  sale  of  kerosene.  Later  their  use  became 
common  for  the  sale  of  gasoline  and  lubricating  oil.  As 
a  group,  these  devices  came  to  be  known  as  “measuring 
pumps”,  an  apt  designation,  because  they  were  pumps 
and  they  did  measure.  People  came  to  differentiate  them 
on  the  basis  of  the  commodity  dispensed,  and  “kerosene 
pump”  and  “gasoline  pump”  became  accepted  expressions. 
So  firmly  did  the  term  “pump”  become  associated  with 
the  dispensing  units  that  when  the  visible  type  of  dis¬ 
penser  was  developed  this  came  to  be  called  a  “visible 
pump”  and  today  many  persons  refer  to  meter-type  units 
as  “meter  pumps”.  A  pump  of  some  sort  is  necessary, 
except  in  a  gravity  or  pressure  installation,  to  cause 
liquid  to  pass  through  the  system,  but  the  pump  is  the 
measuring  element  only  in  the  piston-type  device ;  to  refer 
to  other  types  as  “pumps”  is  careless  usage  and  essen¬ 
tially  incorrect,  and  it  is  recommended  that  such  usage  be 
discontinued. 

Reverting  to  the  consideration  of  piston-type  devices, 
their  versatility  was  soon  increased  by  two  modifications 
designed  to  adopt  them  better  to  the  uses  to  which  they 
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were  being  put.  One  modification  was  to  increase  the 
stroke  capacity  of  units  used  for  gasoline  and  to  decrease 
the  stroke  capacity  of  units  used  for  lubricating  oil. 
Units  having  1-quart  and  even  1-pint  strokes  came  into 
use  for  sales  of  lubricating  oil,  and  units  having  5-gallon 
strokes  became  common  for  sales  of  gasoline.  Also,  an 
intermediate  capacity  of  21/2  gallons  was  popular  for  a 
time. 

Associated  with  the  changes  in  stroke  capacities  was 
the  introduction  of  means  for  accurately  measuring  deliv¬ 
eries  of  fractional  parts  of  a  stroke.  Adjustable,  inter¬ 
mediate  stops  were  provided,  whereby  the  up  stroke  of 
the  piston  could  be  mechanically  terminated  at  any  one 
of  several  points.  Thus  a  device  having  a  1-gallon  stroke 
might  have  three  intermediate  stops  whereby  deliveries 
of  1  quart,  2  quarts,  or  3  quarts  could  be  made.  Similarly, 
the  5-gallon  unit  was  equipped  to  deliver  1,  2,  3,  or  4  gal¬ 
lons  as  well  as  its  full-stroke  capacity  of  5  gallons.  To  per¬ 
mit  a  reading  when  a  delivery  was  unexpectedly  inter¬ 
rupted,  a  graduated  vertical  scale  and  indicator  combina¬ 
tion  was  commonly  provided. 

Piston-type  devices  were  designed  for  deliveries 
through  a  rigid  outlet  (as  to  a  portable  container)  or 
through  a  hose  (as  to  the  fuel  tank  of  a  motor  vehicle), 
or  both.  If  the  delivery  was  made  through  a  hose,  this  was 
of  the  dry-hose  type,  intended  to  be  drained  at  the  con¬ 
clusion  of  a  delivery;  since  the  measuring  cylinders  of 
these  units  were  mounted  relatively  low,  and  since  the 
inlet  end  of  the  hose  needed  to  be  high  enough  to  make 
drainage  possible,  discharge  from  the  cylinder  was 
through  a  rigid  “stand  pipe”,  to  the  upper  end  of  which 
the  hose  was  attached.  An  automatic  “vacuum  breaker” 
was  installed  at  the  highest  point  of  this  stand-pipe-and- 
hose  discharge  line  to  facilitate  drainage  of  the  hose. 

Piston-type  devices  may  be  installed  for  use  with  under¬ 
ground  supply  tanks  and  also  for  use  with  inside  floor 
tanks  or  portable  tanks  mounted  on  wheels.  There  was  one 
early  effort  to  approach  automatic  operation  of  a  piston- 
type  device  by  providing  for  operation  by  means  of 
compressed  air,  but  this  design  was  not  widely  used. 
Piston-type  devices  are  still  in  widespread  use  for  the 
measurement  of  kerosene  and  lubricating  oil,  but  for  the 
measurement  of  automotive  fuels  they  have  largely  been 
replaced  by  other  types  of  liquid-measuring  devices. 


110  Liquid-Measuring  Devices 

The  next  major  development  in  retail  liquid-measuring 
devices  to  follow  the  piston-type  device,  was  the  “visible” 
device,  popularized  for  sale  of  motor  fuel  upon  the  concept 
that  the  customer  should  be  able  to  see  what  was  being 
measured  in  order  to  assure  himself  that  he  was  actu¬ 
ally  receiving  what  he  paid  for.  The  principal  distinguish¬ 
ing  characteristic  of  the  “visibles”  was  an  elevated  glass 
chamber,  exposed  to  the  view  of  operator  and  customer, 
into  which  gasoline  was  elevated  and  in  which  the  meas¬ 
urement  was  made.  The  measuring  capacity  of  the  cylin¬ 
drical  glass  chamber  was  at  first  5  gallons.  Soon  a  10- 
gallon  capacity  became  practically  standard  construction, 
and  some  few  15-gallon  units  were  manufactured.  Liquid 
was  elevated  from  the  supply  tank  to  the  measuring 
chamber  by  means  of  electrically-operated  pumps,  hand- 
operated  pumps,  or  air  pressure. 

There  were  two  basic  designs  for  visibles,  the  “meas- 
ure-in”  design  and  the  “measure-out”  design,  the  former 
being  outnumbered  by  the  latter.  In  both  designs,  sub¬ 
division  by  gallons  became  standard  practice,  although 
some  units  were  designed  for  an  initial  y^-gaMon  delivery. 
In  the  measure-in  design  the  principle  of  operation  was 
to  measure  in  the  cylinder  or  “bowl”  the  exact  amount 
to  be  delivered  and  then  to  discharge  the  entire  contents 
of  the  cylinder.  Measurement  was  accomplished  by  means 
of  a  sliding  overflow  tube  which  could  be  mechanically 
positioned  at  various  heights  corresponding  to  even  gal¬ 
lons;  gasoline  was  elevated  to  the  cylinder  until  the  liquid 
level  was  somewhat  above  the  top  of  the  tube,  after  which 
the  liquid  leveled-off  at  the  height  of  the  top  of  the  tube, 
the  excess  returning  through  the  tube  to  the  supply  tank. 

In  the  measure-out  design  the  principle  of  operation 
was  always  to  fill  the  cylinder  to  a  proper  “zero”  level  by 
means  of  a  fixed  overflow  pipe,  and  then  to  discharge  the 
quantity  desired.  In  one  basic  design,  the  discharge  took 
place  through  a  sliding  or  otherwise  adjustable  discharge 
tube  (or  tubes)  which  could  be  mechanically  positioned 
for  the  desired  delivery;  for  the  final  gallon  on  a  capacity 
delivery,  all  of  the  gasoline  in  the  cylinder  might  be  dis¬ 
charged,  or  the  “capacity”  position  of  the  delivery  mech¬ 
anism  might  be  such  that  liquid  would  still  be  visible  in 
the  cylinder  at  the  conclusion  of  such  a  delivery.  The 
other  variation  of  the  measure-out  design  was  simpler  in 
construction  and  correspondingly  less  expensive  to  manu- 
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facture,  and  for  economic  reasons  gradually  became  more 
popular  than  the  “sliding-discharge-tube”  design.  This 
came  to  be  known  as  the  “eye-measure  visible”.  It  had  a 
fixed  overflow  tube  for  establishing  the  proper  zero  filling, 
but  the  amounts  delivered  were  determined  by  the  op¬ 
erator  making  a  visual  setting  of  the  descending  liquid 
surface  as  nearly  as  practicable  in  coincidence  with  some 
one  of  a  vertical  series  of  indicators.  Usually  this  design 
did  not  contemplate  the  emptying  of  the  cylinder  for  a 
capacity  delivery. 

Originally  the  actual  discharge  flow  on  any  visible  de¬ 
vice  was  controlled  by  a  discharge  valve  at  or  near  the 
inlet  end  of  the  hose,  and  the  hose  was  of  the  dry-hose 
type,  intended  to  be  drained  at  the  conclusion  of  a  de¬ 
livery.  Later  the  “wet  hose”,  intended  to  be  kept  full  of 
liquid  at  all  times,  and  equipped  with  a  discharge  valve 
at  its  outlet  end,  was  introduced  for  use  on  those  eye- 
measure  devices  in  which  the  liquid  remained  in  sight  in 
the  cylinder  following  a  capacity  delivery. 

During  the  heyday  of  the  piston-type  device  some  few 
attachments  were  developed  to  give  visual  indication  that 
the  system  was  filled  to  the  top  of  the  standpipe  before  a 
delivery  was  commenced  and  that  liquid  was  actually  flow¬ 
ing  during  the  period  of  operation.  On  the  visible  types 
the  starting  condition  was  clearly  shown  by  the  basic 
design  of  the  unit,  but  on  all  except  the  eye-measure 
visibles  there  arose  the  necessity  for  an  indication  to 
show  when  the  system  had  drained  to  the  point  at  which 
it  would  be  proper  to  close  the  discharge  valve,  so  that 
liquid  ostensibly  being  delivered  would  not  be  trapped  in 
the  system.  Accordingly  there  were  developed  various  de¬ 
signs  of  “sight  glass”,  “visigage”,  or  “bulls-eye”  for  this 
purpose,  these  being  installed  adjacent  to  the  inlet  end  of 
the  “dry”  hose. 

Although  the  visible-type  of  liquid-measuring  device 
has  now  very  largely  been  displaced  by  the  meter  type, 
especially  in  centers  of  large  retail  distribution,  a  great 
many  visibles,  in  the  aggregate,  are  still  in  service,  hav¬ 
ing  been  retired  to  rural  and  small  urban  locations. 

The  meter  type  of  retail  liquid-measuring  device  was 
introduced  a  good  many  years  ago  as  a  measuring  instru¬ 
ment  for  motor  fuels.  At  first  it  was  merely  an  adaptation 
from  existing  fluid-meter  designs,  and  its  first  appeal  is 
probably  to  be  found  in  its  increased  capacity,  increased 
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speed  and  convenience  of  operation,  and  increased  pre¬ 
cision  of  indication  as  compared  with  the  then  popular 
visibles.  The  meter  unit  had  one  of  the  characteristics  of 
the  piston-type  unit — as  to  the  basic  device  itself  it  was 
as  “blind”  as  the  so-called  “blind  pump”;  from  its  early 
days,  therefore,  the  necessity  for  “visible”  accessories  on 
a  meter  unit  was  apparent. 

Early  meters  were  constructed  on  the  principle  of  the 
nutating  disk  or  “wobble  plate”,  adjustment  for  accuracy 
being  made  by  controlling  the  amount  of  unmetered  liquid 
permitted  to  flow  through  a  small  by-pass.  Later  develop¬ 
ments  included  measuring  elements  employing  rotary  and 
reciprocating  pistons,  and  provision  for  accuracy  adjust¬ 
ment  by  changing  the  length  of  piston  strokes  or  by 
changing  gears  in  the  train  connecting  the  measuring  and 
indicating  elements. 

A  fluid  meter  differs  from  a  piston-type  liquid-measur¬ 
ing  device  in  one  basic  respect.  The  piston-type  device 
performs  both  pumping  and  measuring  operations.  The 
meter  is  a  “driven”  member — never  a  “driving”  member 
except  with  reference  to  the  indicating  elements  of  the 
assembly;  its  function  is  to  measure,  and  it  never  does 
any  lifting  of  the  liquid  from  a  supply  tank.  The  meter 
is  actuated  by  the  passage  of  liquid  through  it,  and  so, 
necessarily,  there  is  associated  with  it  a  pumping  element 
or  the  liquid  is  otherwise  supplied  under  sufficient  pres¬ 
sure  to  maintain  the  desired  flow.  The  vast  majority  of 
retail  meter-type  devices  now  have  associated  with  them 
electrically-operated  pumps,  by-passed  to  permit  pump 
operation  even  when  no  liquid  is  passing  through  the 
meter.  There  have  been  gravity  and  air-pressure  instal¬ 
lations,  and  for  a  time  one  company  marketed  a  hydraulic 
system  operated  by  water  pressure. 

A  meter  will  register  the  passage  of  air  or  vapor  as 
well  as  liquid.  For  this  reason  the  code  for  liquid-measur¬ 
ing  devices  requires  that  a  meter  device  be  equipped  with 
an  “effective  mechanical  air  eliminator  or  other  effective 
means  to  prevent  passage  of  air  or  vapor  through  the 
meter.”  The  air  eliminator  on  a  gasoline-dispensing  unit 
is  located  between  the  pump  and  the  meter.  It  is  basically 
a  chamber  in  which  the  passage  of  the  liquid  is  slowed 
down  to  the  point  where  the  entrained  air  has  an  oppor¬ 
tunity  to  separate  from  the  gasoline.  The  released  air  is 
then  vented  to  the  atmosphere  (or  in  some  cases  back  to 
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the  supply  tank)  and  air-free  gasoline  passes  on  to  the 
meter.  The  air  vent  from  the  separator  must  not  be  closed 
or  obstructed;  closure  will  make  the  separator  inopera¬ 
tive.  A  detail  in  the  design  of  air-separator  units  is  the 
provision  for  the  return  to  the  suction  side  of  the  pump, 
from  the  final  settling  chamber,  of  the  small  accumula¬ 
tion  of  liquid  which  results  from  the  final  separation 
operation. 

On  the  discharge  side  of  the  meter  there  is  a  “pressure- 
relief”  valve,  installed  to  maintain  essentially  the  normal 
operating  pressure  in  that  portion  of  the  system  between 
the  meter  and  the  discharge  valve  at  the  end  of  the  hose. 
Customarily  this  valve  is  basically  a  check  valve,  but  it 
contains  a  reverse,  spring-loaded,  needle  valve  which  will 
permit  a  very  slight  amount  of  liquid  to  pass  in  a  back¬ 
ward  direction  to  relieve  any  excessive  pressure  which 
may  be  built  up  as  a  result  of  an  increase  of  temperature. 
By  maintaining  the  operating  pressure  in  the  discharge 
line,  the  formation  of  vapor  is  prevented.  Without  this, 
a  temperature  increase  would  produce  excessive  vapor 
formation  in  the  line,  the  vapor  would  collect  at  the  high 
point  in  the  line,  displacing  liquid  which  would  be  forced 
backward  through  the  system,  and,  because  the  line  on 
the  discharge  side  of  the  meter  would  not  be  full  of  liquid, 
short  measure  would  result  on  the  subsequent  delivery 
from  the  device. 

The  indicating  elements  of  the  meter-type  device  are 
directly  connected  to  the  meter  and  are  actuated  by  its 
operation.  Provision  is  made  for  resetting  the  indicating 
elements  to  zero  following  a  delivery.  Practically  all  retail 
meter-type  devices  for  gasoline  now  being  manufactured 
are  equipped  with  interlocks  which  make  it  necessary, 
once  the  pump  motor  has  been  cut  off,  to  reset  the  indicat¬ 
ing  elements  to  zero  before  the  motor  can  be  restarted. 
Because  of  a  patent  monopoly  on  the  “zero  set-back  inter¬ 
lock”,  its  incorporation  in  the  assembly  is  not  required 
by  the  National  Conference  code,  although  its  advantages 
are  fully  recognized. 

Figure  7  is  a  schematic  diagram  of  the  assembly  of  a 
meter-type  device,  illustrating  the  relation  of  the  parts 
and  the  flow  of  liquid  during  operation.  The  identifica¬ 
tion  of  the  parts  is  as  follows : 
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A.  Hose  hook  and  control  for  motor  switch. 

B.  Pump  motor. 

C.  Pump. 

D.  Foot  valve. 

E.  Pump  by-pass  valve. 

F.  G,  and  H.  Air-separator  assembly.  F  is  the  primary  settling- 
chamber,  receiving  the  flow  from  the  pump.  G  is  the  sump 
chamber,  receiving  air-laden  liquid  from  F.  H  is  the  air  vent. 

J.  Meter. 

K.  Pressure-relief  valve. 

L.  Sight  glass. 

M.  Indicating  elements. 

N.  Discharge  nozzle. 

A  more  detailed  diagram  of  an  air  eliminator  is  shown 
in  figure  8,  the  parts  here  being  combined  into  a  single 
unit.  The  identification  of  the  parts  is  as  follows : 

A.  Inlet  line  from  pump. 

B.  Primary  settling  chamber. 


Figure  7.  Schematic  diagram  of  meter-type  retail  gasoline- 

dispensing  device. 
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C.  Discharge  line  to  meter. 

D.  Port  for  passage  of  air-laden  liquid  to  sump  chamber. 

E.  Sump  chamber. 

F.  Float  for  actuating  valve  G. 

G.  Float-actuated  valve  to  allow  accumulated  liquid  to  return  to 
suction  line. 

H.  Liquid-discharge  line  from  sump  chamber. 

J.  Air  vent  from  sump  chamber. 


Figure  8.  Schematic  diagram  of  air  eliminator  of 
meter-type  retail  device. 

In  addition  to  indicating  the  gallonage  discharged,  the 
modern  “computer”  design  of  retail  meter-type  device 
for  gasoline  indicates  the  total  selling  price  of  the  amount 
discharged,  based  upon  the  unit  price  for  which  the  de¬ 
vice  is  set,  and  the  unit  price  upon  which  the  total  price 
is  computed  is  also  shown.  Computation  is  accomplished 
through  a  series  of  gear  combinations  actuated  by  the 
meter  and  connected  with  indicating  drums  carrying 
figures  much  as  in  the  case  of  any  straight-reading 
counter.  The  unique  feature  of  this  mechanism  is  the 
means  for  connecting  in  train  the  appropriate  gears  for 
any  price  per  gallon  from  0.1  cent  to  99.9  cents,  by  0.1- 
cent  steps,  and  for  indicating  automatically  the  price  per 
gallon  for  which  the  mechanism  is  set  at  any  time. 

In  the  field  of  “wholesale”  measurements,  the  only  type 
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of  liquid-measuring  device  to  be  encountered  today  is  the 
meter.  In  basic  design  the  wholesale  meter  may  duplicate 
the  retail  meter,  but  the  wholesale  meter  will  be  char¬ 
acterized,  as  compared  with  the  retail  type,  by  heavier 
construction  to  withstand  harder  service  and  higher  work¬ 
ing  pressures,  by  larger  size,  by  much  higher  discharge 
rates,  and  by  the  absence  of  price-computing  accessories. 
Wholesale-type  meters  will  be  found  on  vehicle  tanks,  at 
petroleum-product  bulk  plants,  in  pipe-line  service,  and 
in  many  industrial  applications.  Partly  because  of  the 
weight  and  size  of  the  elements  and  partly  because  of 
the  special  circumstances  at  many  wholesale  installations, 
such  elements  as  pumps,  strainers,  air  eliminators,  pres¬ 
sure  reducing  valves,  operating  valves,  check  valves,  re¬ 
lief  valves,  manifolds,  ticket-printing  attachments,  etc. 
are  separately  marketed  and  are  separately  installed  as 
required. 

Inspection. — Liquid-measuring  devices  should  be  sepa¬ 
rately  inspected,  and  inspection  should  precede  testing. 
The  more  complicated  the  assembly  or  the  installation, 
the  more  important  is  it  that  a  thorough  inspection  be 
made.  Care  should  be  exercised  to  insure  that  all  required 
or  necessary  elements  are  present  and  that  these  are 
functioning  as  intended.  In  the  case  of  retail  devices, 
special  care  should  be  exercised  with  respect  to  any 
“home  made”  additions  or  other  modifications  which 
have  been  made  by  owner  or  operator,  particularly  mod¬ 
ifications  which  have  removed  or  made  inoperative  ele¬ 
ments  supplied  by  the  manufacturer.  Such  changes  may 
have  been  made  with  the  best  of  intentions ;  on  the  other 
hand,  the  few  unscrupulous  operators  frequently  display 
considerable  ingenuity  in  doing  things  to  a  dispensing 
unit  to  produce  for  themselves  an  illegal  gain.  The  official 
should  be  particularly  alert  with  respect  to  the  possi¬ 
bility  of  diversion  of  measured  liquid  back  to  the  supply 
tank  (or  elsewhere)  during  the  process  of  a  delivery  to  a 
purchaser.  It  behooves  the  official  to  make  certain  that 
commercial  equipment  is  really  what  it  appears  to  be,  and 
that  it  meets  all  applicable  specification  requirements. 

Any  part  of  a  device  which  involves  a  glass  window  or 
chamber  through  which  operator  or  customer  is  supposed 
or  required  to  observe  certain  indications,  must  be  suffi¬ 
ciently  clean  and  unobstructed  to  permit  these  observa¬ 
tions  to  be  made  with  ease  and  accuracy.  If  the  glass 
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surfaces  have  become  dirty  or  discolored,  cleaning  should 
be  required.  On  an  eye-measure  visible  device  the  protec¬ 
tive  screen  around  the  outside  of  the  measuring  chamber 
should  be  cut  away  to  permit  a  clear  view  of  each  set  of 
indicators. 

Liquid-measuring  devices  should  be  inspected  for  com¬ 
pliance  with  general  specifications  G-S.l.,  G-S.2.,  G-S.3., 
G-S.4.,  and  G-S.6.,  with  general  regulations  G-R.l., 
G-R.2.,  G-R.3.,  and  G-R.5.,  and  with  all  applicable  spec¬ 
ification  requirements  and  regulations  of  the  code  for 
liquid-measuring  devices.  With  respect  to  this  code,  it 
should  be  kept  in  mind  that  the  specification  require¬ 
ments  are  in  three  groups.  The  first  group,  beginning 
with  specification  S.I.,  applies  to  both  retail  and  whole¬ 
sale  devices ;  the  second  group,  beginning  with  specifica¬ 
tion  S.10.,  applies  to  retail  devices  only;  and  the  third 
group,  beginning  with  specification  S.20.,  applies  to 
wholesale  devices  only.  The  code  covers  devices  of  all 
mechanical  types,  and  the  official  must  select  those  re¬ 
quirements — and  disregard  others — which  are  properly 
to  be  applied  to  the  particular  type  of  device  under  ex¬ 
amination.  Specifications  S.2.6.,  S.3.2.,  S.5.I.,  S.11.3.,  and 
S.12.  may  be  mentioned  particularly  with  respect  to 
meter-type  devices. 

Testing  Apparatus . — In  chapter  8  on  liquid  measures, 
the  procurement  of  certain  volumetric  standards  has  been 
recommended,  including  standards  having  capacities  of 
1  liquid  quart,  1  gallon,  2  gallons,  3  gallons,  4  gallons,  and 
5  gallons.  All  of  these  will  be  required  if  all  types  of  re¬ 
tail  liquid-measuring  devices  are  to  be  properly  tested. 
The  1-quart  standard  should  be  of  metal,  and  conical  or 
cylindrical  in  shape.  The  other  standards  should  be  metal 
“field  standards”,  having  graduated  necks.  The  entire 
series  of  gallon  measures  will  be  required  for  the  com¬ 
plete  testing  of  piston-type  and  visible-type  devices;  the 
testing  of  meter-type  devices  for  dispensing  motor  fuels 
will  normally  require  only  the  5-gallon  standard.  The 
testing  of  devices  for  dispensing  lubricating  oil  will  re¬ 
quire  use.  of  the  1-quart  and  possibly  the  1-gallon  stand¬ 
ard.  All  of  these  standards  can  be  procured  readily  “from 
stock”.  It  is  recommended  that  there  be  procured  also  a 
cylindrical  glass  graduate  of  a  capacity  of  several  cubic 
inches  with  ^-cubic-inch  subdivisions. 

For  the  testing  of  wholesale-type  devices,  special,  large- 
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capacity  standards  are  required.  The  recommendation  of 
the  code  relative  to  the  testing  drafts  for  a  wholesale 
device  is  that  these  “should  be  equal  to  at  least  the  amount 
delivered  by  the  device  in  1  minute  at  its  maximum  dis¬ 
charge  rate,  and  shall  in  no  case  be  less  than  50  gallons”. 
(See  code  paragraph  N.1.2.)  The  tentative  ASME-API 
“Petroleum  P.  D.  Meter  Code”  (API  Code  No.  1101)  goes 
further  than  the  National  Conference  code  and  requires 
that  the  “measuring  volume  of  the  prover  tank  shall  be 
not  less  than  the  volume  delivered  in  one  minute  through 
the  meter  to  be  tested  and  it  is  preferable  that  the  meas¬ 
uring  volume  be  one  and  one-half  to  two  times  as  large 
as  the  rated  volume  delivered  per  minute  by  the  largest 
meter  to  be  proved.”  (Paragraph  2018). 

The  capacity  of  the  large-capacity  standard,  or 
“prover”  to  use  the  term  now  commonly  applied,  to  be 
procured  by  the  official  will  depend  upon  the  capacities  of 
the  devices  to  be  tested.  Where  any  considerable  amount 
of  this  work  is  to  be  done  on  meters  of  different  sizes, 
two  or  more  standards  may  well  be  provided,  their  ca¬ 
pacities  being  suited  to  the  testing  of  commercial  devices 
falling  into  different  size  groups.  In  general,  the  larger 
the  prover  the  greater  will  be  the  time  required  for  a  test 
and  the  difficulty  and  cost  of  using  and  transporting  the 
prover,  circumstances  which  suggest  that  a  1,000-gallon 
prover  be  not  used,  for  example,  for  the  testing  of  a  meter 
rated  at  50  gallons  per  minute. 

It  is  recommended  that  any  jurisdiction  having  any 
large-capacity  meters  to  test,  procure  a  prover  of  not  less 
than  100  gallons  capacity.  If  the  meters  to  be  tested  do 
not  exceed  100  gallons  per  minute  in  rated  capacity,  such 
a  prover  will  be  adequate  for  all  such  testing.  However, 
if  some  or  all  of  the  meters  to  be  tested  have  rated  ca¬ 
pacities  in  excess  of  100  gallons  per  minute,  a  prover  of 
500  or  1,000  gallons  capacity,  depending  upon  the  capac¬ 
ities  of  the  largest  meters  to  be  tested,  is  recommended. 
If  there  is  a  very  considerable  amount  of  large-capacity 
meter  testing  to  be  done,  two  large  provers  may  be  re¬ 
quired  to  supplement  the  100-gallon  prover,  these  to  be 
of  the  same  or  of  different  capacities  according  to  the 
capacities  of  the  meters  to  be  tested. 

The  type  of  large-capacity  meter  testing  here  under 
consideration  is  the  testing  of  meters  permanently  in¬ 
stalled  at  various  locations  in  a  jurisdiction.  It  follows 
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that  the  provers  to  be  used  by  the  official  for  this  work 
must  be  of  the  portable  variety.  (Fixed  prover  installa¬ 
tions  suitable  for  the  testing  of  large-capacity  meters  in¬ 
stalled  on  vehicle  tanks  are  discussed  in  chapter  15.)  It 
is  believed  that  it  will  be  found  practicable  to  design 
provers  of  100-gallons  and  of  500-gallons  capacity  for 
mounting  upon  two-wheeled  trailers,  although  the  use  of 
four-wheeled  trailers  may  be  somewhat  more  satisfactory. 
For  provers  having  capacities  in  excess  of  500  gallons, 
four-wheeled  trailers  or  four-wheeled  self-propelled  ve¬ 
hicles  will  be  required.  (See  figs.  9,  10,  11,  and  12.) 


Figure  9.  Schematic  diagram  of  tip-up,  trailer-mounted  prover. 

The  general  characteristics  required  of  a  prover  may 
be  summed  up  by  saying  that  the  prover  is  essentially  a 
large-scale  reproduction  of  a  “field  standard”,  with  the 
addition  of  special  means  for  emptying  the  standard.  In 
its  simplest  form  the  prover  has  a  cylindrical  body  with 
a  bottom  sloped  to  a  discharge  valve  at  its  lowest  point 
and  with  a  top  sloped  to  a  cylindrical,  graduated  neck  of 
relatively  small  diameter.  The  nominal  capacity  of  the 
prover  is  defined  by  the  “zero”  graduation  midway  of  the 
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graduated  portion  of  the  neck.  Because  of  the  foaming 
characteristics  of  petroleum  products  and  the  relatively 
high  discharge  rates  of  wholesale-type  meters,  there 
should  be  fitted  at  the  top  of  the  prover  neck  a  section 
having  a  diameter  considerably  larger  than  the  neck 
diameter ;  this  “splash  dome”  will  prevent  overflowing  the 
prover  near  the  termination  of  a  discharge.  (See  figs.  9 
and  10.)  To  prevent  swirling  of  the  liquid  during  the 
final  stages  of  a  discharge  from  a  prover,  and  thus  to 
speed  up  the  discharge,  a  baffle  plate  should  be  installed 
inside  the  prover  at  the  bottom. 

The  prover  must  be  in  level  when  it  is  in  use.  Accord¬ 
ingly  two  levels,  spaced  90°  apart,  should  be  permanently 
attached  in  positions  convenient  for  observation,  and 
three  leveling  feet  should  be  provided  for  establishing  a 


Figure  10.  Detail  of  one-hundred- gallon,  trailer-mounted 
prover,  State  of  Massachusetts. 
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level  condition.  The  prover  discharge  valve  should  be  of 
the  quick-acting  type  and  must  close  tightly  to  prevent 
any  leakage  through  the  valve  in  either  direction ;  this 
valve  should  be  in  a  vertical  line  from,  and  as  close  as 
practicable  to,  the  discharge  orifice  of  the  prover. 

It  will  frequently  be  necessary  to  dispose  of  the  dis¬ 
charge  from  the  prover  by  elevating  this  to  a  point  con¬ 
siderably  above  the  level  of  the  prover.  Accordingly  a 
pump  must  be  provided — a  rotary  pump  is  recommended 
— connected  to  the  discharge  side  of  the  prover  discharge 
valve,  and  a  power  source  for  operation  of  the  pump 
should  be  provided,  for  which  an  explosion-proof  electric 
motor  is  recommended.  A  hose  line  to  accommodate  this 
discharge  is  necessary.  There  will  be  some  cases  in  which 
discharge  from  the  prover  may  be  made  by  gravity ;  if  de¬ 
sired,  a  piping  arrangement  may  be  made  to  by-pass  the 
pump  in  cases  where  gravity  discharge  is  possible. 

In  the  ASME-API  code  previously  cited,  it  is  specified 
that  the  volume  of  the  graduated  portion  of  a  prover  neck 
shall  be  at  least  2  percent  of  the  capacity  of  the  prover, 
and  that  the  inside  diameter  of  the  prover  neck  shall  be 
such  that  Vie  inch  in  vertical  height  represents  not  more 
than  0.01  percent  of  the  prover  capacity.  These  provi¬ 
sions  are  considered  to  be  sound.  It  is  also  considered 
reasonable  to  limit  the  length  of  the  graduated  portion 


Figure  11.  Five-hundred- gallon,  trailer-mounted  prover, 

State  of  Illinois. 
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of  the  prover  neck  to  15  inches,  7 Yi  inches  above  and  7\ 4 
inches  below  the  capacity,  or  ‘‘zero”,  graduation.  Trans¬ 
lating  these  requirements  into  dimensions  for  prover 
necks,  it  is  recommended  that  the  inside  neck  diameters 
for  provers  of  100-gallon,  500-gallon,  and  1,000-gallon 
capacities  be,  respectively,  in  the  order  of  6*4  inches,  14 
inches,  and  20  inches.  For  the  same  series  of  provers  it 
is  recommended  that  the  graduated  scales  be  divided, 
respectively,  into  5-cubic-inch,  25-cubic-inch,  and  50- 
cubic-inch  subdivisions;  this  will  result  in  graduations 
spaced  approximately  six  to  the  inch  in  each  case.  Thus, 
on  the  basis  of  a  total  graduated  length  of  approximately 
15  inches,  the  100-gallon  prover  would  be  graduated  to 
±230  cubic  inches  by  5-cubic-inch  subdivisions,  the  500- 
gallon  prover  would  be  graduated  to  ±1,150  cubic  inches 
by  25-cubic-inch  subdivisions,  and  the  1,000-gallon  prover 
would  be  graduated  to  ±2,350  cubic  inches  by  50-cubic- 
inch  subdivisions.  Graduations  throughout  in  terms  of 


Figure  12.  Twelve-liundred-gallon ,  two  compartment  (400  gal¬ 
lons  and  800  gallons)  prover  on  self-propelled  chassis .  Count g  of 
Los  Angeles,  Calif. 


cubic  inches  rather  than  of  other  units  is  recommended 
because  all  tolerances  are  expressed  in  cubic  inches  and 
computations  will  be  avoided  if  errors  are  similarly  ex¬ 
pressed. 
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At  first  thought,  25-cubic-inch  and  50-cubic-inch  grad¬ 
uated  intervals  may  seem  unduly  large.  As  a  matter  of 
fact,  however,  these  intervals  for  the  500-gallon  and  1,000- 
gallon  provers,  respectively,  agree  as  to  percentage  sensi¬ 
tiveness  with  the  5-cubic-inch  interval  for  a  100-gallon 
prover,  and  all  three  are  four  times  as  sensitive,  percent¬ 
agewise,  as  the  customary  1-cubic-inch  interval  on  a  5- 
gallon  field  standard.  Moreover,  the  smallest  tolerances  to 
be  applied  on  100-gallon,  500-gallon,  and  1,000-gallon  test 
drafts — the  acceptance  tolerances  on  “normal”  deliveries 
— are  37*4  cubic  inches,  137 14  cubic  inches,  and  262i/> 
cubic  inches,  respectively,  corresponding  to  more  than 
five  intervals  in  every  case. 

A  prover  should  be  built  of  steel,  and  should  be  of  sub¬ 
stantial  construction  to  withstand  the  normal  vicissitudes 
of  use  without  damage.  The  thickness  of  the  metal  in  the 
body  of  the  prover  should  be  such  that  no  distortion  will 
occur  when  the  prover  is  filled ;  it  is  recommended  that 
the  thickness  of  the  metal  be  not  less  than  V6  inch  for  the 
100-gallon  prover,  %2  inch  for  the  500-gallon  prover,  and 
%6  inch  for  the  1,000-gallon  prover.  The  inside  of  the 
prover  should  be  smooth  and  without  crevices,  pockets, 
or  obstructions  other  than  the  baffle  plate,  in  order  to 
facilitate  complete  and  rapid  drainage.  The  slope  of  the 
walls  toward  the  top  and  the  bottom  of  the  prover  should 
be  steep  enough  to  facilitate  the  rise  of  gas  bubbles  to 
the  top  during  the  filling  operation  and  the  rapid  drain¬ 
age  of  the  walls  during  the  emptying  operation.  It  is  be¬ 
lieved  that  for  a  vertical  100-gallon  prover  with  cylin¬ 
drical  body,  the  walls  of  the  top  and  bottom  sections 
should  be  straight  rather  than  curved  in  vertical  cross- 
section — -that  is  to  say,  these  sections  should  not  be  dished 
into  the  general  form  of  a  section  of  a  sphere,  but  should 
be  formed  from  flat  plate  into  the  shape  of  a  truncated 
cone;  the  limiting  value  for  the  safe  slope  of  these  walls 
has  not  been  determined  but  it  is  recommended  that  the 
slope  be  in  the  order  of  10°  or  15°  from  the  horizontal. 
For  portable  provers  of  500-gallon  and  1,000-gallon  ca¬ 
pacities,  consisting  essentially  of  horizontally  mounted 
tanks  on  vehicle  chassis,  every  precaution  should  be  ob¬ 
served  in  designing  these  to  avoid  the  possibility  of 
formation  of  air  or  gas  pockets  and  to  facilitate  drain¬ 
age. 

A  prover  should  be  calibrated  “to  deliver”  at  60°  F. 
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The  calibration  should  be  made  with  water,  on  the  basis 
of  a  30-second  drainage  period  following  the  completion 
of  the  principal  discharge  under  conditions  of  normal 
use.  This  means  that  the  prover  should  first  be  com¬ 
pletely  filled  and  should  then  be  emptied  by  means  of  the 
discharge  pump.  At  the  conclusion  of  the  main  discharge, 
the  prover  discharge  valve  should  remain  open  and  the 
pump  should  continue  to  run  for  an  additional  30  seconds. 
The  discharge  valve  should  then  be  closed,  the  pump 
should  be  stopped,  and  the  prover  should  then  be  cali¬ 
brated  by  a  measuring-in  operation,  using  a  properly 
calibrated  5-gallon  or  10-gallon  standard.  This  procedure 
should  be  duplicated  on  repeat  observations.  (This  cali¬ 
bration  method  will  control  the  important  drainage  factor 
and  will  duplicate  to  a  satisfactory  degree  the  normal  use 
of  the  prover.) 

At  large  bulk  plants  and  at  other  locations  where  whole¬ 
sale-type  meters  are  in  service,  it  will  be  found  with 
increasing  frequency  that  fixed-location  provers  have  been 
provided  by  the  meter  owners  for  the  periodic  testing 
of  their  own  meters.  Where  such  provers  are  available, 
their  use  by  weights  and  measures  officers  for  their  of¬ 
ficial  tests  of  the  meters  is  entirely  satisfactory  provided 
that  the  accuracy  of  the  provers  has  been  officially  estab¬ 
lished.  It  would  not  be  proper  for  the  official  merely  to 
assume  that  these  provers  are  accurate.  He  must  in  some 
positive  way  assure  himself,  and  make  this  a  matter  of 
record,  that  the  provers  are  accurate  before  he  can  prop¬ 
erly  use  these  as  standards.  This  can  be  accomplished  (1) 
by  actually  calibrating  the  provers  as  prescribed  above 
for  the  official’s  own  prover,  (2)  by  testing  the  provers 
with  his  own  standard  prover  and  other  official  standards 
as  required,  or  (3)  by  participating  in  and  verifying  the 
calibration  of  the  privately-owned  provers  as  conducted 
by  the  prover  owners. 

Mention  may  be  made  of  that  type  of  prover  which  is 
equipped  with  a  small-diameter,  graduated  section  be¬ 
tween  the  bottom  of  the  prover  body  and  the  discharge 
valve,  this  section  corresponding  in  general  with  the 
graduated  neck  at  the  top  of  the  prover  although  having 
a  much  smaller  capacity.  This  bottom  section  may  have 
a  series  of  graduations,  or  only  a  single  graduation  mark¬ 
ing  the  position  of  the  liquid  level  corresponding  to  an 
“empty”  prover ;  obviously,  the  “capacity”  of  the  prover 
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is  its  volume  between  the  top  and  the  bottom  “zero” 
graduations.  A  prover  of  this  design  is  suitable  for  use 
in  testing  meters,  where  deliveries  are  made  into  the 
prover,  but  the  design  is  not  well  suited  to  operations  in 
which  deliveries  of  measured  amounts  are  required  to  be 
made  from  the  prover.  For  the  latter  use,  the  prover  de¬ 
sign  which  contemplates  complete  drainage  of  the  prover 
is  recommended.  (This  latter  design  is,  of  course,  also 
satisfactory  for  meter  testing.) 

Testing  Procedure.  —  A  liquid-measuring  device  is 
tested  by  measuring  the  amounts  of  liquid  delivered  by 
the  device  as  this  is  installed  for  commercial  service.  The 
testing  medium  is  the  liquid  for  the  dispensing  of  which 
the  device  is  regularly  used.  Liquid-measuring  devices 
are  invariably  “installed”  in  some  way,  being  connected 
with  a  source  of  supply  of  the  liquid  to  be  dispensed ;  if 
for  any  reason  the  liquid  supply  becomes  exhausted,  it  is 
not  practical  to  conduct  a  test  until  this  supply  is  re¬ 
plenished.  The  delivery  is  made  directly  into  the  standard 
(except  in  the  case  of  viscous  liquids)  and  errors  are 
read  directly  from  the  standard  when  “field  standards” 
are  employed. 

Standards  of  capacities  of  1  gallon  and  over,  and 
provers,  should  be  wetted  with  the  test  liquid  and  then 
drained  for  the  standard  drainage  period  immediately 
before  use ;  the  standard  drainage  period  recommended 
for  field  standards  is  10  seconds  and  for  provers  is  30 
seconds.  (These  standards  and  provers  are  calibrated  “to 
deliver”  and  when  wetted  and  drained  may  be  used  “to 
contain”.  In  the  test  of  a  particular  device,  the  standards 
(or  the  prover)  are  necessarily  used  “wet”  unless  they 
are  dried  between  observations,  a  wholly  impracticable 
procedure.)  When  a  standard  or  prover  is  emptied  fol¬ 
lowing  an  observation,  the  same  standard  drainage  pe¬ 
riod  should  always  be  observed.  The  field  standard  should 
stand  upon  a  level  surface  or  should  be  suspended  by  its 
bail  so  that  it  hangs  plumb,  when  a  reading  is  made,  and 
a  prover  should  be  leveled  before  use.  The  reading  is 
made  to  the  bottom  of  the  meniscus  of  the  liquid.  When 
gasoline  is  the  testing  medium,  the  reading  should  be 
made  promptly  following  a  delivery  to  avoid  errors  which 
otherwise  might  result  from  evaporation  or  from  change 
of  volume  resulting  from  change  of  temperature  of  the 
liquid. 
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In  the  case  of  any  device  utilizing  a  “dry  hose”,  a 
standard  condition  with  respect  to  hose  drainage  should 
first  be  established  by  delivering  a  small  quantity  from 
the  device — in  order  to  wet  the  inside  of  the  hose — and 
then  carefully  draining  the  hose  for  10  seconds  after  the 
main  flow  from  the  hose  has  ceased.  This  same  hose- 
drainage  procedure  should  then  be  followed  after  each 
test  delivery. 

When  a  device  is  being  used  to  measure  a  relatively 
viscous  product  such  as  lubricating  oil,  it  is  recommended 
that  deliveries  from  the  device  be  not  made  into  the  metal 
standards  of  the  official,  because  of  the  difficulty  of  thor¬ 
oughly  cleaning  these  standards  between  observations 
and  at  the  conclusion  of  a  test.  The  alternative  procedure 
is  recommended,  of  first  carefully  calibrating  with  water 
one  or  more  commercial  measures,  as  required — these  are 
almost  certain  to  be  conveniently  available — and  then  of 
using  the  calibrated  commercial  measure  or  measures,  as 
secondary  standards,  to  receive  the  deliveries  from  the 
device ;  errors  may  be  determined  directly  by  means  of 
the  glass  graduate,  which  can  readily  be  cleaned. 

If  a  device  is  found  upon  test  to  be  satisfactory,  se¬ 
curity  seals  should  be  affixed  to  protect  the  adjustable 
elements  of  the  device,  as  provided  for  by  code  specifica¬ 
tion  S.4. 

In  the  discussion  which  follows,  liquid-measuring  de¬ 
vices  will  be  considered  in  the  three  groups  previously 
discussed,  that  is,  piston-type  devices,  visible-type  devices, 
and  meter-type  devices,  the  latter  group  being  broken 
down  into  retail  meter-type  devices,  and  wholesale  meters. 

Piston-type  devices  :  In  a  piston-type  device,  the  sys¬ 
tem  is  supposed  to  be  filled  with  liquid  from  the  inlet  end 
of  the  suction  line  to  the  top  of  the  standpipe.  Measure¬ 
ment  takes  place  in  the  measuring  cylinder,  but  the 
amount  of  liquid  actually  measured  by  one  complete 
piston  stroke  is  not  all  discharged,  some  of  this  liquid 
going  to  fill  the  standpipe  to  its  point  of  overflow  into 
the  discharge  hose  or  nozzle.  Thus  a  particular  discharge 
is  made  up  largely  of  liquid  actually  discharged  from  the 
measuring  cylinder  and,  to  a  small  extent,  of  the  liquid 
originally  above  the  cylinder  which  is  pushed  out  ahead 
of  the  stream  from  the  cylinder.  The  importance  of  the 
system  being  full  at  the  start  of  a  delivery  is  apparent; 
if  the  system  is  not  so  filled,  the  delivery  will  be  short. 
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If  the  fit  between  the  piston  and  the  cylinder  walls  is 
not  tight,  the  piston  can  be  raised  without  displacing  all 
of  the  liquid  above  it;  in  other  words,  there  will  be  slip¬ 
page  of  liquid  between  piston  and  cylinder  walls,  and 
again  the  delivery  will  be  short,  for  the  indicating  and 
registering  elements  of  the  device  are  actuated  by  the  rise 
of  the  piston  and  not  by  the  actual  passage  of  liquid  into 
the  discharge  line.  The  same  result  will  occur,  and  for 
the  same  reason,  if  there  is  leakage  through  the  piston 
valve  during  the  upstroke  of  the  piston. 

Assuming  a  full  system  and  an  absence  of  leakage,  as 
the  piston  rises  the  entire  column  of  liquid  in  the  system 
is  in  motion,  liquid  above  the  piston  being  pushed  upward 
and  liquid  being  drawn  in  below  the  piston  from  the 
supply  tank.  If  the  piston  is  operated  at  a  very  fast  speed, 
this  liquid  column  may  be  given  sufficient  momentum  to 
cause  it  to  continue  in  motion  momentarily  after  the  up¬ 
ward  movement  of  the  piston  has  ceased;  this  will  result 
in  overmeasure. 

The  condition  of  “prime”  of  the  system,  that  is,  whether 
or  not  the  system  remains  properly-  filled  following  a 
delivery,  is  one  index  of  the  tightness  of  footvalve  (at 
the  inlet  end  of  the  suction  line)  and  piston  valve.  (But 
it  must  be  remembered  that  if  a  device  has  stood  unused 
for  some  time  and  if  the  temperature  has  risen  and  later 
has  fallen,  the  liquid  in  the  system  will  first  have  ex¬ 
panded  and  overflowed  into  the  discharge  hose  at  the 
point  of  overflow  from  the  standpipe  and  later  will  have 
contracted  so  that  the  level  will  be  below  the  top  of  the 
standpipe.  The  same  final  result  will  follow  a  drop  in 
temperature  without  the  preliminary  rise.  These  results 
are  occasioned  by  natural  causes,  for  which  the  device 
itself  is  not  responsible.)  Uniformity  of  deliveries  at  rea¬ 
sonably  slow  and  reasonably  fast  operating  speeds  is  an 
index  of  the  tightness  of  fit  of  the  piston  and  of  the  tight¬ 
ness  of  the  piston  valve.  (But  note  the  comment  in  the 
preceding  paragraph  regarding  the  possible  overmeasure 
effect  of  very  fast  operation.) 

It  must  be  remembered  that  on  a  piston-type  device, 
the  operation  for  a  complete  or  partial  stroke  is  not  com¬ 
plete  until  the  piston  has  been  returned  to  its  starting 
position ;  the  small  “dribble  flow”  caused  by  the  displace¬ 
ment  of  the  piston  rod  on  the  return  stroke  is  a  normal 
and  necessary  part  of  the  delivery. 
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The  device  should  first  be  tested  for  accuracy  on  a  ca¬ 
pacity  discharge,  corresponding  to  a  complete  piston 
stroke ;  at  least  two  observations  should  be  made  at  a 
reasonably  fast  rate  and  two  more  should  be  made  at  the 
specified  minimum  rate  or,  if  a  minimum  is  not  specified, 
at  a  reasonably  slow  rate.  If  intermediate  stops  are  pro¬ 
vided,  accuracy  of  each  intermediate  delivery  for  which 
provision  is  made  should  be  determined.  (See  code  para¬ 
graph  N.1.2.)  If  the  device  has  been  found  satisfactory 
on  both  fast  and  slow  deliveries  at  capacity,  intermediate 
deliveries  need  be  tested  only  at  a  single  normal  rate.  If 
a  device  is  equipped  with  a  reading  scale  and  inter¬ 
mediate  stops,  the  scale  readings  should  be  checked  for 
agreement  with  capacity  and  intermediate-stop  indica¬ 
tions.  If  a  reading  scale  is  provided  but  intermediate  stops 
are  omitted,  the  scale  reading  should  be  checked  to  see 
that  it  gives  a  correct  capacity  indication  when  the  piston 
is  at  its  highest  point,  and  at  least  two  tests  for  accuracy 
should  be  made  at  intermediate  points  on  the  scale. 

If  two  delivery  outlets  are  provided,  a  delivery  at  nor¬ 
mal  rate  should  be  made  from  each  outlet  following  a 
delivery  from  the  other  outlet  to  insure  that  delivery 
from  one  outlet  does  not  adversely  affect  the  accuracy  of 
the  delivery  from  the  other  outlet.  (See  code  naragraph 
S.2.4.) 

In  the  course  of  the  test  the  correct  functioning  of  the 
tallying  element,  designed  to  register  the  number  of  com¬ 
plete  strokes  or  the  total  number  of  gallons  comprising  a 
delivery,  should  be  checked.  Registration  should  occur  at 
the  instant  at  which  the  up-stroke  of  the  piston  is  com¬ 
pleted.  (See  code  paragraphs  S.ll.l.  and  S.11.2.) 

If  before  a  test  is  begun  on  a  piston-type  device  for 
dispensing  gasoline  it  is  observed  that  the  pump,  is  not 
properly  “primed”,  that  is,  that  the  liquid  level  is  not  at 
the  top  of  the  standpipe,  indicating  leakage  back  through 
the  system,  it  will  be  advisable  to  make  at  once  a  delivery 
of  one  complete  piston  stroke  without  regard  to  the  cus¬ 
tomary  preliminaries  of  wetting  the  standard  and  estab¬ 
lishing  a  standard  drainage  condition  for  the  hose.  If  the 
shortage  on  this  delivery  is  found  to  be  excessive — much 
more  than  the  normal  tolerance  plus  the  leakage  per¬ 
mitted  by  paragraph  T.2.  of  the  code  for  the  period  since 
the  preceding  delivery  from  the  device — faulty  mechan- 
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ical  condition  of  the  device  is  indicated  and  rejection  is  in 
order  without  further  testing. 

A  supplementary  test  which  it  is  seldom  necessary  to 
use  is  the  “elapsed-time”  test.  If  it  is  necessary  to  estab¬ 
lish  definitely  the  amount  of  leakage  back  through  the 
system  when  the  device  is  standing  unused,  or  in  other 
words  the  performance  of  the  device  under  the  require¬ 
ment  of  clause  (c)  of  paragraph  P.l.  of  the  code — ac¬ 
curacy  “irrespective  of  the  time  elapsing  between  opera¬ 
tions” — this  can  be  done  by  making  a  complete  elapsed- 
time  test  after  the  regular  test  has  been  concluded.  For 
purposes  of  illustration,  assume  a  5-gallon  gasoline  pump 
“in  use”  which  has  been  found  to  have  a  consistent  error 
of  underregistration  of  3  cubic  inches  on  5  gallons.  The 
system  being  properly  filled  with  gasoline  to  top  of  the 
stand  pipe,  and  the  piston  being  at  its  lowest  or  “zero” 
position,  the  device  would  be  allowed  to  stand  unused  for 
a  number  of  hours — perhaps  over  night;  assume  that 
this  period  of  non-use  is  15  hours.  At  the  expiration  of 
the  period  of  non-use  a  single  5-gallon  delivery  is  made 
from  the  pump.  (The  normal  operations  of  first  wetting 
the  standard  and  the  hose  should  be  omitted ;  the  errors 
resulting  from  use  of  a  dry  standard  and  a  dried-out  hose 
are  not  significant  on  this  test.)  This  delivery  must  be 
made  without  any  previous  “priming”  of  the  system,  the 
piston  being  merely  operated  through  one  complete  cycle 
from  its  lowest  to  its  highest  position  and  back  to  start¬ 
ing  position.  If  there  has  been  leakage  back  to  storage 
during  the  period  of  non-use,  if  the  temperature  is  essen¬ 
tially  the  same  at  the  end  as  at  the  beginning  of  the 
period  of  non-use,  and  if  during  this  period  the  tempera¬ 
ture  has  not  risen  above  the  temperature  at  the  beginning 
of  the  test,  the  amount  by  which  this  first  delivery  is  less 
than  a  normal  5-gallon  delivery  from  the  pump  will  be 
considered  as  the  amount  of  the  leakage.  Assume  that 
this  first  delivery  is  20  cubic  inches  less  than  5  gallons, 
and  that  the  temperature  has  been  essentially  unchanged 
during  the  period  of  non-use;  since  the  normal  delivery 
has  been  found  to  be  3  cubic  inches  more  than  5  gallons 
(the  assumption  stated  earlier),  the  leakage  over  the 
15-hour  period  is  23  cubic  inches,  or  approximately  V/> 
cubic  inches  per  hour.  The  maintenance  tolerance  on  the 
elapsed-time  test  of  a  retail  device  being  2  cubic  inches 
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per  hour  (paragraph  T.2.  of  the  code),  this  device  is 
acceptable  on  this  test. 

In  the  test  outlined  above,  had  there  been  no  tempera¬ 
ture  rise  above  the  initial  temperature  but  if  the  temper¬ 
ature  at  the  time  of  the  first  delivery  after  non-use  had 
been,  for  example,  15°  F.  below  the  initial  temperature, 
an  additional  shortage  would  have  resulted  solely  from 
this  temperature  drop.  The  gasoline  above  ground, 
amounting  to  about  7  gallons  in  the  case  of  a  5-gallon 
piston-type  pump,  would  have  contracted  about  114  times 
0.6  percent  (paragraph  N.1.3.  of  the  code),  or  about  15 
cubic  inches,  and  this  entire  shortage  would  be  reflected 
on  the  first  subsequent  delivery.  Due  allowance  for  this 
shortage  should  be  made  in  computing  the  leakage  of  the 
pump.  If  during  the  period  of  non-use  the  temperature 
rose  above  the  initial  temperature,  the  gasoline  would 
expand  and  an  amount  equivalent  to  this  expansion  would 
enter  the  hose  and  could  not  subsequently  be  entirely 
recovered.  Suitable  correction  should  be  made  for  the 
amount  so  lost  from  the  system,  and  before  making  the 
test  delivery  following  non-use,  any  gasoline  in  the  hose 
should  be  drained  out  and  discarded. 

Visible-type  devices:  The  testing  procedure  for  vis¬ 
ible-type  devices  may  be  summed  up  by  saying  that  test 
observations  should  be  made  at  each  amount  which  the 
device  is  designed  to  deliver.  (See  code  paragraph  N.1.2.) 
Each  stop  or  graduation  or  indicator  is,  ordinarily,  in¬ 
dividually  adjusted  for  position,  and  it  is  not  an  adequate 
test  of  one  of  these  devices  to  make  observations  at  a 
single  delivery  only — for  example,  at  5  gallons.  Stops  and 
graduations  are  ordinarily  provided  for  successive  gal¬ 
lons  ;  therefore,  a  10-gallon  device,  for  example,  should  be 
tested  at  each  gallon  from  1  to  10,  inclusive. 

The  recommended  method  of  making  these  tests  re¬ 
quires  the  use  of  all  five  of  the  recommended  field  stand¬ 
ards.  The  first  five  observations  are  on  total  deliveries  of 
1  gallon,  2  gallons,  3  gallons,  4  gallons,  and  5  gallons,  the 
device  being  properly  refilled  to  the  “zero”  point  before 
each  delivery.  The  error  in  each  case  is  read  directly  from 
a  single  standard.  In  the  case  of  a  10-gallon  device,  addi¬ 
tional  total  deliveries  of  6  gallons,  7  gallons,  8  gallons, 
9  gallons,  and  10  gallons  are  made,  the  device  being  re¬ 
filled  to  “zero”  before  each  delivery.  These  deliveries 
above  5  gallons  are  necessarily  made  in  two  parts,  the 
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first  part  of  the  delivery  being  made  into  one  standard 
and  the  second  part  being  made  into  another  standard, 
except  When  the  5-gallon  standard  is  used  twice  for  a 
10-gallon  delivery.  The  error  on  the  total  delivery  in  each 
case  is  arrived  at  by  combining  algebraically  the  “error” 
readings  on  each  part  of  the  delivery. 

For  these  deliveries  of  6  gallons  and  over,  the  pro¬ 
cedure  recommended  is  always  to  make  the  second  part 
of  the  delivery  into  the  5-gallon  standard.  The  first  part 
of  the  delivery  is  made  to  bring  the  liquid  approximately 
to  the  zero  graduation  on  the  standard.  But  wherever  the 
liquid  level  happens  to  be  in  the  graduated  portion  of 
the  neck  of  the  standard  when  the  first  part  of  the  de¬ 
livery  is  terminated,  the  measure  is  read  to  the  nearest 
one-half  or  even  one-quarter  cubic  inch,  and  this  reading 
is  recorded,  with  its  appropriate  sign,  to  be  combined 
later  with  the  second  reading  to  arrive  at  the  error  on 
the  total  delivery  being  made.  (Should  it  so  happen  that 
the  first  reading  is  zero,  the  error  on  the  total  delivery 
will,  of  course,  be  represented  by  the  second  reading.) 

Should  the  official  have  available  only  standards  of 
capacities  of  1,  3,  and  5  gallons,  it  is  still  practicable  to 
make  the  test  described  above,  although  the  number  of 
observations  will  be  somewhat  increased.  The  2-gallon 
delivery  will  be  made  in  two  parts,  using  the  1-gallon 
standard  twice.  Similarly,  the  4-gallon  delivery  will  in¬ 
volve  using  first  the  1-gallon  standard  and  then  the  3- 
gallon  standard.  For  the  7-gallon  delivery  it  will  be  re¬ 
quired  first  to  use  the  1-gallon  standard  twice  and  then 
to  use  the  5-gallon  standard.  For  the  9-gallon  delivery  the 
sequence  in  which  the  standards  will  be  used  is  1  gallon, 
3  gallons,  and  5  gallons. 

A  different  testing  procedure  from  that  described  above 
has  been  used  by  many  officials,  primarily  to  avoid  pro¬ 
curement  and  carrying  of  standards  of  several  capacities 
and  to  speed  up  the  testing.  In  this  procedure,  observa¬ 
tions  are  made  on  successive  1-gallon  drafts,  starting  with 
the  device  properly  filled  to  the  “zero”  point,  but  without 
any  subsequent  refilling  of  the  device  until  the  capacity 
point  is  reached.  The  error  on  the  first  gallon  drawn  is 
determined  and  recorded.  The  error  on  the  second  gallon 
drawn  is  determined  and  recorded  and  is  then  combined 
algebraically  with  the  error  recorded  for  the  first  gallon 
to  arrive  at  the  error  on  a  2-gallon  delivery.  This  process 
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is  repeated  until  errors  are  computed  for  each  delivery 
up  to  the  capacity  of  the  device.  This  test  method  is  not 
recommended.  The  principal  objection  to  it  is  the  prob¬ 
ability  that  computed  errors  for  the  larger  deliveries  will 
be  inaccurate  by  significant  amounts  as  a  result  of  the 
cumulative  effect  of  small  inaccuracies  in  the  reading  of 
the  errors  on  individual  1-gallon  drafts.  A  second  objec¬ 
tion  is  that  under  this  method  the  walls  of  the  measuring 
chamber  of  the  device  have  a  much  longer  time  to  drain 
than  under  conditions  of  normal  commercial  use  of  the 
device,  a  circumstance  which  will  introduce  some  degree 
of  inaccuracy  in  the  results. 

In  all  visible-type  devices,  one  element  of  the  operation 
is  the  automatic  leveling-off  of  the  liquid  in  the  measur¬ 
ing  chamber,  accomplished  by  means  of  an  overflow  tube 
communicating  with  a  return  line  to  the  supply  tank. 
Liquid  is  introduced  into  the  chamber  until' its  level  is 
above  the  top  of  the  overflow  tube;  the  excess  of  liquid 
then  drains  back  through  the  tube.  The  final  amount  of 
this  excess  drains  back  relatively  slowly,  and  enough  time 
must  be  allowed — about  10  seconds  after  the  level  of  the 
liquid  in  the  chamber  has  apparently  stopped  falling — for 
this  drainage  to  be  complete.  The  introduction  of  liquid 
into  the  chamber  usually  involves  some  agitation  of  the 
liquid  and  the  formation  of  bubbles.  Sufficient  time  must 
be  provided  for  the  bubbles  to  rise  to  the  surface  before 
the  leveling-off  operation  is  completed  in  order  to  avoid 
a  final  level  which  is  actually  below  the  top  of  the  over¬ 
flow  tube;  this  will  normally  be  accomplished  automati¬ 
cally  if  the  liquid  is  initially  raised  one-half  inch  or  more 
above  the  top  of  the  tube. 

In  the  measure-in,  dry-hose  type  of  visible  device,  the 
measuring  operation  is  completed  when  the  liquid  levels 
off  at  the  point  corresponding  to  the  amount  for  which 
the  device  is  set.  It  remains  then  to  discharge  all  of  the 
liquid  in  the  chamber.  A  period  of  10  seconds  after  the 
delivery  appears  to  have  been  completed  should  be  allowed 
for  drainage  from  the  chamber,  after  which  the  discharge 
valve  should  be  closed.  The  customary  drainage  period  for 
the  hose  should  then  be  observed  to  complete  the  dis¬ 
charge.  (See  code  paragraph  S.10.3.) 

In  the  measure-out  types  of  visible  devices,  the  initial 
leveling-off  of  the  liquid  establishes  the  “zero”  condition 
preparatory  to  making  a  delivery,  the  measuring  chamber 
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being  so  filled  to  the  proper  zero  or  starting  point.  In  the 
mechanical-stop,  dry-hose  variety  of  device,  the  mechan¬ 
ism  is  then  set  for  the  desired  delivery  by  means  of  the 
sliding  discharge  tube,  selective  valve  assembly,  or  other 
mechanism,  and  the  amount  of  the  delivery  is  mechani¬ 
cally  determined  through  drainage  of  the  liquid  in  the 
measuring  chamber  down  to  the  appropriate  level.  The 
precautions  relative  to  drainage  periods  should  be  ob¬ 
served  as  explained  in  the  preceding  paragraph. 

In  the  eye-measure  variety  of  device,  use  of  the  wet 
hose  is  believed  now  to  be  universal.  The  measuring 
chamber  is  filled  to  the  proper  zero  or  starting  point  as 
previously  explained,  and  the  system  is  then  full  from  the 
discharge  valve  at  the  discharge  end  of  the  hose  to  the 
zero  point  in  the  measuring  chamber.  The  amount  of  a 
delivery  is  determined  by  discharging  liquid  from  the 
measuring  chamber  until  the  liquid  level  appears  to  be  in 
coincidence  with  the  proper  graduation  or  indicator  on 
the  inside  of  the  measuring  chamber.  The  Setting  should 
be  made,  using  as  an  index  the  dark  line  of  the  meniscus 
of  the  liquid.  When  it  is  realized  that  the  measuring 
chamber  of  a  visible  device  is  above  the  eye  level  of  the 
operator  and  that  the  position  of  the  operator  when  mak¬ 
ing  a  setting  is  at  the  end  of  the  discharge  hose  perhaps 
several  feet  away  from  the  device,  the  difficulty  of  mak¬ 
ing  a  precise  setting  is  obvious.  It  follows  that  the  great¬ 
est  care  should  be  exercised  in  making  these  settings. 

All  visible  devices  have  at  least  two  sets  of  indicators, 
and  it  is  common  for  eye-measure  visibles  to  carry  three 
sets.  The  positioning  of  the  indicators  on  a  mechanical- 
stop  visible  device  is  not  critical  as  in  the  case  of  the  eye- 
measure  visible,  but  these  indicators  should  give  indica¬ 
tions  in  substantial  agreement  with  the  mechanically- 
measured  deliveries,  and  the  indications  of  corresponding 
indicators  of  each  set  should  be  in  essential  agreement. 
On  the  eye-measure  visible,  the  positions  of  correspond¬ 
ing  indicators  of  each  set  should  be  in  exact  agreement. 
It  is  essential,  therefore,  that  observations  be  made  on 
each  indicator  of  each  set  provided,  as  a  test  proceeds. 

Particularly  with  respect  to  an  eye-measure  visible  de¬ 
vice,  a  question  will  sometimes  be  raised  about  the  device 
being  operated  on  test  by  the  weights  and  measures 
official  rather  than  by  the  relatively  more  experienced 
commercial  operator.  To  be  satisfactory  a  commercial 
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device  must  be  susceptible  of  accurate  performance  when 
operated  in  an  ordinarily  skillful  manner.  The  weights 
and  measures  official  may  be  presumed  to  possess  at  least 
that  degree  of  skill.  Therefore,  if  a  device  will  not  per¬ 
form  satisfactorily  when  operated  by  the  official,  its  re¬ 
jection  is  entirely  in  order. 

Retail  meter-type  devices  :  By  far  the  greatest 
amount  of  attention  required  from  weights  and  measures 
officials  with  respect  to  retail  meter-type  devices  is  in  con¬ 
nection  with  gasoline-dispensing  devices.  The  discussion 
which  follows  is  accordingly  directed  primarily  to  such 
devices.  In  the  aggregate,  however,  considerable  numbers 
of  lubricating-oil  meters  will  be  found  in  service,  and 
these  should,  of  course,  be  officially  examined.  The  prin¬ 
ciples  developed  in  the  discussion  on  the  testing  of  gaso¬ 
line-dispensing  meters  are  generally  applicable  to  the  test¬ 
ing  of  lubricating-oil  meters,  and  with  regard  to  the  latter 
it  need  only  be  suggested  that  the  testing  draft  be  1 
gallon  and  that  a  “secondary”  standard,  consisting  of  a 
commercial  measure  which  has  been  carefully  calibrated 
with  water,  be  used  for  testing  purposes  to  avoid  con¬ 
tamination  of  the  regular  standard.  Other  necessary 
modifications  of  the  testing  procedure  for  lubricating-oil 
meters  should  be  obvious,  and  further  specific  reference 
to  these  devices  will  be  omitted. 

The  cycles  of  operation  of  a  meter  are  not  indicated  or 
recorded  as  such  on  an  assembled  meter-type  device.  One 
complete  operating  cycle  of  a  retail  meter  produces  a  de¬ 
livery  of  only  a  fractional  part  of  one  of  the  primary 
delivery  units.  The  indicating  elements  are  gear-driven 
from  the  meter,  and  these  operate  ordinarily  in  repeating 
cycles.  Meter-type  devices  need  not  be  tested,  therefore, 
at  each  of  a  long  series  of  indicated  deliveries;  it  will  be 
sufficient  to  utilize  only  5-gallon  drafts  on  gasoline-dis¬ 
pensing  devices,  and,  similarly,  only  drafts  of  a  single 
amount,  appropriate  to  the  design  and  normal  delivery, 
on  devices  for  dispensing  other  liquids. 

A  testing  draft  is  made  by  operating  the  meter  until 
an  exact  indication  of  an  even  gallon  is  given.  For  ex¬ 
ample,  on  a  nominal  5-gallon  draft,  the  delivery  is  termi¬ 
nated  when  an  even  5  gallons  is  indicated.  The  error  of 
the  delivery  is  then  read  from  the  graduated  neck  of  the 
standard.  Discharge  rates  for  use  in  testing  retail  meter- 
type  devices  are  specified  in  code  paragraph  N.1.1.  For 
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the  “normal”  test,  made  at  the  “maximum  discharge  rate 
developed  under  the  conditions  of  installation”,  the  effort 
should  be  to  maintain  maximum  flow  with  the  fully-opened 
discharge  valve  for  as  much  of  the  delivery  as  practicable ; 
some  “tapering  off”  close  to  the  end  of  the  delivery  will 
be  necessary  to  obtain  an  exact  indication  of  the  desired 
amount  and  perhaps  also  to  avoid  overflowing  the  stand¬ 
ard  as  a  result  of  the  foaming  characteristics  of  the 
liquid,  but  this  slowing  down  of  the  delivery  should  be 
kept  at  a  minimum  and  any  considerable  amount  of 
trickle-flow  should  be  avoided.  The  “special”  test  at  slow 
flow  should  be  fairly  accurately  timed,  and  for  this  test 
the  effort  should  be  to  maintain  the  delivery  at  the  con¬ 
stant  rate,  for  a  gasoline-dispensing  device,  of  5  gallons 
per  minute. 

Before  actual  testing  is  begun  the  indication  of  the 
“visigage”  or  “sight  glass”  designed  to  show  that  the  sys¬ 
tem  is  properly  filled  should  be  checked ;  if  this  element 
is  not  full,  leakage  has  occurred,  or  some  liquid  has  been 
withdrawn  from  the  hose,  or  there  has  been  a  normal 
contraction  of  the  gasoline  as  a  result  of  a  temperature 
drop.  If  it  is  considered  necessary  to  make  an  elapsed-time 
test,  the  general  procedure  previously  outlined  for  piston- 
type  devices  should  be  followed.  At  intervals  throughout 
the  test  the  character  of  the  liquid  visible  in  the  sight 
glass  should  .be  observed ;  if  the  liquid  contains  bubbles, 
this  indicates  that  the  air  eliminator  is  not  functioning 
properly.  At  some  stage  of  the  test,  the  discharged  valve 
should  be  opened  and  the  nozzle  shaken  while  the  pump 
motor  is  cut  off,  to  check  on  the  presence  and  proper 
functioning  of  the  anti-drain  valve  required  by  specifica¬ 
tion  S.2.5.  In  the  course  of  the  test  the  indicating  ele¬ 
ments  should  be  cleared  to  zero  reading  from  some  higher 
reading  several  times,  to  check  on  the  accuracy  with 
which  the  elements  are  returned  to  a  true  zero  indication, 
and  to  check  on  the  correct  functioning  of  the  zero-set- 
back  interlock  mechanism  if  the  device  is  one  equipped 
with  such  a  mechanism.  (G-R.2.)  This  interlock  mech¬ 
anism  is  designed  to  require  that  once  the  hose  has  been 
hung  up  on  the  hose  hook,  the  indicating  elements  must 
be  cleared  to  zero  before  the  pump  motor  can  again  be 
started. 

If  the  device  computes  the  money  values  of  deliveries, 
the  accuracy  of  the  money-value  indications  is  just  as  im- 
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portant  as  the  accuracy  of  the  indications  of  gallons  de¬ 
livered.  However,  since  both  sets  of  indicators  are  geared 
to  the  meter,  it  is  highly  improbable  that  the  money- 
value  indications  will  get  out  of  phase  with  the  gallonage 
indications;  if  the  money  values  are  properly  related  to 
gallonage  indications  at  a  few  points,  it  is  reasonable  to 
assume  that  proper  relation  will  be  maintained  at  other 
points.  Accordingly  it  will  be  adequate  to  check  the  ac¬ 
curacy  of  the  money-value  computations  at  only  two  or 
three  different  gallonage  indications,  at  whatever  price- 
per-gallon  the  device  happens  to  be  set  at  the  time  of  the 
test. 

Duplicate  observations  are  recommended,  particularly 
if  a  device  is  found  to  be  inaccurate.  As  minimal  proce¬ 
dure  on  a  gasoline-dispensing  device,  it  is  recommended 
that  two  5-gallon  drafts  be  made  as  “normal”  tests  and 
two  5-gallon  drafts  be  made  at  the  slow  discharge  rate. 
In  making  these  observations,  the  indicating  elements 
should  be  reset  to  zero  following  each  5-gallon  draft. 
There  is  no  particular  advantage  in  running  the  indica¬ 
tions  up  beyond  the  5-gallon  point  insofar  as  the  repeti¬ 
tive  cyclic  operation  of  the  mechanism  is  concerned.  How¬ 
ever,  a  10-gallon  test  draft  (or  even  a  larger  draft)  will 
be  advisable  if  the  performance  is  found  to  be  in  error  at 
either  fast  or  slow  speed  by  an  amount  very  close  to  the 
applicable  tolerance,  for  the  reason  that  the  prescribed 
tolerances  are  proportionately  greater  on  small  deliveries 
than  on  large  deliveries.  This  greater  tolerance  on  small 
deliveries  permits  a  slight  initial  error  in  addition  to  the 
“multiplying”  error  resulting  from  the  basic  condition  and 
adjustment  of  the  meter  assembly.  But  if  a  meter  has, 
for  example,  a  negligible  initial  error  and  a  multiplying 
error  slightly  greater  than  that  contemplated  by  the 
tolerances,  this  might  perform  within  tolerance  on  a  5- 
gallon  test  draft  but  be  in  error  in  excess  of  the  tolerance 
on  a  larger  test  draft.  It  is  recommended,  therefore,  that 
when  the  5-gallon  error  approaches  the  tolerance  limit,  a 
supplementary  pair  of  observations  be  made  on  test  drafts 
of  at  least  10  gallons.  In  making  such  observations,  the 
first  5  gallons  (approximately)  of  the  delivery  is  made, 
the  reading  on  the  graduated  neck  of  the  standard  is 
recorded,  and  the  standard  is  emptied  and  drained;  with¬ 
out  stopping  the  pump  or  resetting  to  zero,  the  remainder 
of  the  10-gallon  draft  is  then  drawn,  and  the  reading  of 
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the  standard  is  recorded.  The  two  readings  are  then  com¬ 
bined  algebraically  to  arrive  at  the  error  on  the  total 
nominal  delivery  of  10  gallons.1-  A  duplicate  10-gallon 
draft  should  then  be  made.  Should  the  errors  on  these 
10-gallon  drafts  be  in  excess  of  the  applicable  10-gallon 
tolerance,  rejection  is  in  order. 

Code  paragraph  S.2.6.  requires  on  a  meter-type  device, 
either  retail  or  wholesale,  “an  effective  mechanical  air 
eliminator  or  other  effective  means  to  prevent  passage  of 
air  or  vapor  through  the  meter/’  The  effective  functioning 
of  such  an  element  can  be  demonstrated  by  the  artificial 
introduction  of  air  into  the  system  (as  by  loosening  a  con¬ 
nection  in  the  line,  such  as  a  union,  on  the  supply  side  of 
the  pump)  and  comparing  the  accuracy  of  the  deliveries 
under  this  condition  and  under  normal  condition.  This 
special  procedure  is  wholly  impracticable,  however,  as  a 
routine  testing  operation;  normally  it  is  not  necessary; 
and  it  is  recommended  that  it  be  followed  only  when  a 
device  is  being  examined  for  pattern  approval,  or  in  those 
special  cases  of  devices  in  service  where  erratic  perform¬ 
ance  of  the  device  or  other  indication  of  trouble  with  the 
means  for  air-elimination  makes  it  advisable  to  locate 
definitely  the  source  of  the  difficulty.  In  any  event,  the 
official  should  not  himself  take  the  responsibility  for 
“cracking  a  connection”  or  otherwise  artificially  introduc¬ 
ing  air  into  the  system  of  a  commercially  installed  device ; 
this  should  be  done  only  by  a  service  man  or  representa¬ 
tive  of  the  owner  of  the  device  under  the  supervision  of 
the  official.  If  the  air-vent  line  from  the  air  eliminator 
is  plugged  or  constricted,  it  is  obvious  that  the  air  elim¬ 
inator  can  not  operate  as  designed;  in  such  a  case  no 
demonstration  is  required,  and  immediate  correction  of 
the  fault  should  be  ordered. 

Wholesale  meters:  The  amount  of  liquid  discharged 
by  a  wholesale  meter  per  cycle  of  its  operating  parts  is, 
of  course,  greater  than  in  the  case  of  a  retail  meter,  the 
wholesale  meter,  generally  speaking,  being  a  much  larger 
instrument  than  the  retail  meter.  The  situation  as  to  the 
general  character  of  the  test  is  the  same,  however,  for 

12  Give  each  individual  reading  its  proper  sign — plus  or  minus.  If  both  read¬ 
ings  have  the  same  sign,  the  error  on  the  10-gallon  draft  is  the  sum  of  the 
individual  readings.  If  the  two  readings  have  opposite  signs,  the  error  on  the 
10-gallon  draft  is  the  difference  between  the  two  individual  readings,  this  dif¬ 
ference  being  given  the  sign  of  the  larger  reading ;  for  example,  if  the  indi¬ 
vidual  readings  were  +3  cubic  inches  and  — 15  cubic  inches,  the  10-gallon  error 
would  be  — 12  cubic  inches. 
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wholesale  as  for  retail  meters ;  that  is,  it  is  not  necessary 
that  tests  be  made  at  each  of  a  long  series  of  indicated 
deliveries.  For  the  wholesale  meter,  tests  are  customarily 
made  at  deliveries  of  only  a  single  nominal  amount,  this 
amount  being  the  capacity  of  the  prover  being  utilized. 
Reference  is  made  again  to  code  paragraph  N.I.2.,  which 
carries  the  statement,  “For  wholesale  devices,  testing 
drafts  should  be  equal  to  at  least  the  amount  delivered  by 
the  device  in  1  minute  at  its  maximum  discharge  rate”, 
and  to  the  discussion  on  prover  sizes  in  an  earlier  portion 
of  this  chapter  under  the  side  title  “Testing  Apparatus”. 

The  discharge  rates  for  use  in  testing  wholesale  meters 
are  specified  in  code  paragraph  N.1.1.  for  both  normal  and 
special  tests,  the  normal  tests  to  be  made  at  the  maximum 
discharge  rate  developed  under  the  conditions  of  installa¬ 
tion,  and  special  tests  to  be  made  at  slow  discharge  rates. 
The  slow  rate  is  specified  as  15  gallons  per  minute  for  a 
meter  smaller  than  2  inches  in  rated  size,  that  is,  one 
designed  for  installation  in  a  line  having  a  pipe  size  of 
less  than  2  inches;  for  larger  meters  the  slow  rate  is 
specified  as  20  percent — one-fifth — of  the  maximum  rate 
marked  on  the  meter.  But  in  either  case,  if  the  meter  is 
marked  to  show  a  minimum  discharge  rate  less  than  the 
slow  rate  specified,  the  lower  marked  rate  should  be 
utilized  for  the  tests  at  slow  rate.  Other  “special”  tests 
may  be  made  as  circumstances  dictate  “to  develop  the 
operating  characteristics  of  meters”. 

In  the  preceding  discussion  covering  testing  procedures 
for  retail  meter-type  devices,  recommendations  have  been 
made  or  cautions  expressed  with  respect  to  maintaining 
constant  the  discharge  rate  which  applies  in  a  particular 
test,  overflowing  of  the  standard  (prover),  return  of  the 
indicating  elements  to  accurate  zero  positions,  duplicate 
observations,  and  functioning  of  the  air  eliminator;  the 
same  principles  apply  when  testing  wholesale  meters. 

If  reasonable  care  is  exercised  to  avoid  using  a  prover 
under  conditions  conducive  to  temperature  changes  of  the 
testing  medium,  temperature  measurements  need  not  be 
made  in  connection  with  the  testing  of  wholesale  meters 
by  the  weights  and  measures  official. 
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Testing  Outlines 

(For  tests  of  liquid-measuring  devices  by  weights  and  measures 

officials.) 

Note. — The  following  outlines  are  specifically  for  the  testing  of  gasoline¬ 
dispensing  devices.  Such  modifications  as  are  appropriate  for  the  testing  of 
liquid-measuring  devices  used  for  dispensing  other  liquids  will  be  apparent. 

See  text,  beginning  on  page  128,  for  the  special  case  of  a  device  which  shows 
evidence  of  leakage  back  to  storage. 

Case  I. — Piston-type  dry-hose  device,  5-gallon  capacity:  13 

1.  Discharge  about  1  gallon  of  gasoline  into  the  5- 

gallon  standard,  return  the  piston  to  zero  posi¬ 
tion,  and  drain  the  hose  for  the  standard  10- 
second  drainage  period. 

2.  Thoroughly  wet  the  inside  of  the  5-gallon  stand¬ 

ard  with  the  gasoline  which  it  contains,  dump 
the  contents,  and  drain  the  standard  for  the 
standard  10-second  drainage  period. 

3.  At  a  fairly  rapid  rate,  operate  the  piston  through 

a  complete  stroke,  to  the  capacity  stop  and 
back  to  zero  position,  discharging  through  the 
hose  into  the  5-gallon  standard,  and  drain  hose 
as  in  step  1.  As  the  piston  approaches  its  top 
position,  check  the  tallying  element  (counter) 
to  see  that  it  does  not  register  prematurely. 

4.  Read  the  error  of  the  delivery  from  the  gradu¬ 

ated  neck  of  the  standard.  (The  standard  must 
rest  on  a  level  surface  or  be  suspended  from 
its  bail  when  a  reading  is  made.  Read  to  the 
bottom  of  the  meniscus  of  the  liquid.) 

5.  Dump  the  contents  of  the  standard  and  drain 

this  as  in  step  2. 

6.  As  a  check  observation,  repeat  steps  3,  4,  and  5. 

7.  If  the  device  is  equipped  with  a  special  can-fill¬ 

ing  outlet,  operate  the  piston  through  a  com¬ 
plete  stroke,  discharging  through  this  special 
discharge  outlet  into  the  standard,  and  repeat 
steps  4  and  5.  Then  repeat  steps  3,  4,  and  5. 

8.  At  a  rate  closely  approximating  5  gallons  per 

minute  (1  gallon  per  12  seconds)  operate  the 
piston  through  a  complete  stroke,  discharging 
through  the  hose  into  the  standard,  and  repeat 
steps  4  and  5. 

9.  As  a  check  observation,  repeat  step  8,  except 

that  when  emptying  the  5-gallon  standard 

13  Necessary  modifications  of  this  outline  for  devices  having  capacities  smaller 
than  5  gallons  will  be  apparent. 
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some  gasoline  should  be  poured  into  one  of 
the  other  standards.  (Each  of  the  standards  to 
be  used  in  carrying  out  step  10  or  step  11 
should  be  thoroughly  wetted  on  the  inside  and 
drained  for  the  standard  10-second  period,  im¬ 
mediately  prior  to  its  use.) 

10.  As  in  step  3,  using  the  appropriate  standard, 

test  the  device  for  accurate  delivery  at  each 
intermediate  mechanical  stop  provided.  (Such 
stops  will  probably  be  provided  for  deliveries 
of  1,  2,  3,  and  4  gallons.) 

11.  If  no  intermediate  stops  are  provided  but  there 

is  a  graduated  vertical  scale,  test  the  latter, 
as  in  step  3,  at  not  less  than  two  points,  for 
example,  at  1  gallon  and  3  gallons,  terminating 
the  up-stroke  of  the  piston  according  to  the 
indication  on  the  scale. 

12.  If  the  device  is  approved,  affix  lead-and-wire 

security  seals  to  protect  all  adjustable  ele¬ 
ments  affecting  measurement. 

Case  II. — Mechanical-stop,  measure-in,  dry-hose,  visible- 
type  device : 

1.  Discharge  about  1  gallon  of  gasoline  into  the 

1-gallon  standard,  and  drain  the  hose  for  the 
standard  10-second  drainage  period. 

2.  Thoroughly  wet  the  inside  of  the  standard  with 

the  gasoline  which  it  contains,  dump  the  con¬ 
tents,  and  drain  the  standard  for  the  standard 
10-second  drainage  period. 

3.  “Measure-in”,  into  the  visible  chamber,  by  means 

of  the  mechanism  provided,  1  gallon  of  gaso¬ 
line,  initially  filling  to  a  point  at  least  inch 
above  the  overflow  and  allowing  at  least  10 
seconds  for  the  liquid  to  level-off.  Check  the 
accuracy  of  the  visual  indication  of  this 
amount  according  to  all  indicators  provided. 

4.  Discharge  the  contents  of  the  visible  chamber 

into  the  1-gallon  standard,  closing  the  dis¬ 
charge  valve  10  seconds  after  the  main  flow 
has  ceased.  Drain  the  hose  as  in  step  1. 

5.  Read  the  error  of  the  delivery  directly  from  the 

graduated  neck  of  the  standard.  (Note  cau¬ 
tions  as  in  step  4  of  case  I.) 

6.  Dump  the  contents  of  the  standard  and  drain 
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this  for  the  standard  10-second  drainage 
period. 

7.  As  a  check,  repeat  steps  3,  4,  5,  and  6,  except 

that  if  a  2-gallon  standard  is  to  be  used  on  the 
next  observation,  the  1-gallon  standard  is  to  be 
emptied  into  the  2-gallon  standard  and  the  lat¬ 
ter  is  then  to  be  thoroughly  wetted,  emptied, 
and  drained  for  the  standard  10-second  drain¬ 
age  period.  (Each  new  standard  to  be  used  is 
to  be  similarly  wetted  and  drained  just  prior 
to  its  use.) 

8.  Proceed  as  in  steps  3,  4,  5,  6,  and  7  to  make 

duplicate  observations  on  nominal  deliveries 
of  2  gallons,  3  gallons,  and  so  on  up  to  the 
capacity  of  the  device,  utilizing  the  appropri¬ 
ate  standard  or  combination  of  standards. 

9.  If  the  device  is  approved,  affix  lead-and-wire 

security  seals  to  protect  all  adjustable  ele¬ 
ments  affecting  measurement. 

Case  III. — Mechanical-stop,  measure-out,  dry-hose,  visi¬ 
ble-type  device,  and  eye-measure,  wet-hose, 
visible-type  device:  14 

1.  Discharge  about  1  gallon  of  gasoline  into  the 

1-gallon  standard,  and  if  the  device  is  of  the 
dry-hose  type  drain  the  hose  for  the  standard 
10-second  drainage  period. 

2.  Pump  gasoline  into  the  measuring  chamber  to  a 

point  Yz  inch  or  more  above  the  zero  overflow, 
allowing  at  least  10  seconds  for  the  liquid  to 
level  off. 

3.  Thoroughly  wet  the  inside  of  the  1-gallon  stand¬ 

ard  with  the  gasoline  which  it  contains,  dump 
the  contents,  and  drain  the  standard  for  the 
standard  10-second  drainage  period. 

4.  Make  a  nominal  1-gallon  delivery  into  the  1-gal¬ 

lon  standard,  draining  the  hose  as  in  step  1  if 
the  device  is  of  the  dry-hose  type.  Check  the 
accuracy  of  the  visual  indications  of  this 
amount  according  to  all  indicators  provided. 

5.  Read  the  error  of  the  delivery  directly  from  the 

graduated  neck  of  the  standard.  (Note  cau¬ 
tions  as  in  step  4  of  case  I.) 

"This  outline  is  based  upon  the  availability  of  standards  of  capacities  of  1, 
2,  3,  4.  and  5  gallons.  Modifications  to  adapt  the  outline  to  circumstances  in 
which  fewer  standards  are  available  are  suggested  by  the  text  on  page  131. 
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6.  Dump  the  contents  of  the  standard  and  drain 

this  as  in  step  3. 

7.  As  a  check,  repeat  steps  2,  4,  and  5. 

8.  Dump  the  contents  of  the  1-gallon  standard  into 

the  2-gallon  standard.  Thoroughly  wet  the  in¬ 
side  of  the  2-gallon  standard  with  the  gasoline 
which  it  contains,  dump  the  contents,  and 
drain  the  standard  for  the  standard  10-second 
drainage  period. 

9.  Repeat  step  2. 

10.  Make  a  nominal  2-gallon  delivery  into  the  2-gal¬ 

lon  standard,  draining  the  hose,  if  appropriate, 
as  in  step  1  and  checking  visual  indications  as 
in  step  4,  and  read  the  error  and  drain  the 
standard  as  in  steps  5  and  6.  * 

11.  Asa  check,  repeat  steps  2  and  10,  except  that  the 

contents  of  the  standard  is  to  be  dumped  into 
the  3-gallon  standard. 

12.  Wet  and  drain  the  3-gallon  standard  as  in  step  3. 

13.  Proceed  as  in  steps  2,  10,  and  11  to  make  dupli¬ 

cate  observations  on  nominal  deliveries  of  3 
gallons,  4  gallons,  and  so  on  up  to  the  capacity 
of  the  device,  utilizing  the  appropriate  stand¬ 
ard  or  combination  of  standards.  Whenever  a 
delivery  must  be  made  in  two  parts,  make  the 
second  part  of  the  delivery  into  the  larger 
standard,  and  combine  the  “error”  readings  of 
both  standards,  algebraically,  to  derive  the 
error  on  the  total  delivery. 

14.  If  the  device  is  approved,  affix  lead-and-wire 

security  seals  to  protect  all  adjustable  ele¬ 
ments  affecting  measurement. 

Case  IV. — Retail  meter-type  device: 

1.  Without  starting  the  pump  motor,  open  the  dis¬ 

charge  valve  and  shake  the  nozzle  to  check 
the  presence  and  proper  functioning  of  the 
required  anti-drain  valve. 

2.  Discharge  about  1  gallon  of  gasoline  into  the  5- 

gallon  standard,  thoroughly  wet  the  inside  of 
the  standard  with  the  gasoline  which  it  con¬ 
tains,  dump  the  contents,  and  drain  the  stand¬ 
ard  for  the  standard  10-second  drainage 
period. 

3.  Make  a  nominal  5-gallon  delivery  into  the  5-gal- 
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Ion  standard  at  “normal”  (maximum)  rate. 
Keep  the  discharge  valve  fully  open  for  as 
much  of  the  delivery  period  as  practicable, 
slowing  the  delivery  only  to  avoid  spillage 
and  to  make  an  accurate  setting  of  the  indi¬ 
cating  elements  of  the  device  at  5  gallons. 

4.  Read  the  error  of  the  delivery  directly  from  the 

graduated  neck  of  the  standard.  (Note  cau¬ 
tions  as  in  step  4  of  case  I.) 

5.  Dump  the  standard  and  drain  this  as  in  step  1. 

6.  If  the  device  is  a  “computer”,  check  the  com¬ 

puted  price  for  the  indicated  gallonage  at  the 
price  per  gallon  for  which  the  device  is  set. 

7.  Clear  the  indications  of  the  device  to  zero,  check¬ 

ing  the  accuracy  of  the  resulting  zero  indi¬ 
cation  for  both  gallons  and  money  value. 

8.  As  a  check,  repeat  steps  3,  4,  5,  6,  and  7. 

9.  At  a  discharge  rate  closely  approximating  5 

gallons  per  minute  (1  gallon  per  12  seconds), 
make  a  nominal  5-gallon  delivery  into  the 
standard,  and  repeat  steps  4,  5,  and  7. 

10.  As  a  check,  repeat  step  9  except  as  follows:  If 

the  device  is  a  “computer”,  interrupt  the  dis¬ 
charge  at  a  nominal  delivery  of  3  gallons  and 
note  the  computed  price;  later,  check  the  ac¬ 
curacy  of  this  computation. 

11.  If  the  value  of  the  error  at  either  the  normal 

or  the  slow  discharge  rate,  as  determined  by 
the  observations  prescribed  above,  closely  ap¬ 
proaches  the  value  of  the  appropriate  toler¬ 
ance,  make  a  nominal  10-gallon  discharge  at 
the  normal  rate  or  at  the  slow  rate,  as  the  case 
may  be,  as  follows:  First  deliver  into  the 
standard  approximately  5  gallons  of  gasoline, 
but  do  not  stop  the  pump  motor.  Record  the 
reading  of  the  graduated  neck  of  the  standard, 
dump  the  standard,  and  drain  this  as  in  step 
2.  Continue  the  discharge  into  the  standard 
until  the  device  indicates  exactly  10  gallons. 
Record  the  reading  of  the  graduated  neck  of 
the  measure  and  combine  this  algebraically 
with  the  error  recorded  for  the  first  portion 
of  the  delivery  to  arrive  at  the  error  for  the 
total  10  gallon  delivery.  Repeat  steps  5  and  7. 
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12.  If  on  step  11  the  error  is  found  to  exceed  the 

tolerance,  repeat  step  11  as  a  check. 

13.  If  the  device  is  approved,  affix  lead-and-wire 

security  seals  to  protect  all  adjustable  ele¬ 
ments  affecting  measurement. 

Case  V. — Wholesale  meter: 

1.  Level  the  prover  in  a  position  to  receive  the  dis¬ 

charge  from  the  meter  under  test. 

2.  Without  starting  the  pump  motor,  open  the  dis¬ 

charge  valve  and  shake  the  nozzle  to  check 
the  presence  and  proper  functioning  of  the 
required  anti-drain  valve. 

3.  With  the  prover  discharge  valve  closed,  thor¬ 

oughly  wet  the  inside  of  the  prover  with  the 
product  dispensed  by  the  meter.  (This  is  best 
accomplished  by  filling  the  prover  to  capacity, 
but  if  thoroughly  done  the  prover  walls  may 
be  wetted  by  means  of  a  hose  or  by  spraying.) 

4.  Start  the  prover  discharge  pump,  open  the  dis¬ 

charge  valve,  and  continue  to  pump,  with  open 
discharge  valve,  for  30-seconds  after  the  main 
discharge  from  the  prover  has  ceased.  Then 
tightly  close  the  discharge  valve.  Finally,  stop 
the  pump. 

5.  If  the  meter  is  equipped  with  a  set-back  counter 

to  tally  individual  deliveries,  reset  this  to  zero 
reading;  if  the  meter  is  not  so  equipped,  re¬ 
cord  the  meter  reading  and  note  the  reading 
to  be  obtained  in  step  6 — original  reading  plus 
prover  capacity. 

6.  At  “normal”  (maximum)  rate,  make  a  delivery 

from  the  meter  into  the  prover  corresponding 
in  nominal  amount  to  the  capacity  of  the 
prover.  Keep  the  meter  discharge  valve  fully 
open  for  as  much  of  the  delivery  period  as 
practicable,  slowing  the  delivery  only  to  avoid 
spillage  and  to  make  an  accurate  setting  of 
the  indicating  elements  of  the  meter  at  the 
indication  corresponding  to  the  prover  capac¬ 
ity  or  at  the  indication  as  computed  in  step  4. 

7.  Read  the  error  of  the  delivery  directly  from  the 

graduated  neck  of  the  prover.  (Read  to  the 
bottom  of  the  meniscus  of  the  liquid.)  The 
tolerance  is  that  on  “normal”  test. 
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8.  Dump  the  contents  of  the  prover,  following  ex¬ 

actly  the  procedure  outlined  in  step  4. 

9.  As  a  check,  repeat  steps  5,  6,  7,  and  8. 

10.  Repeat  step  5.  At  a  rate  of  15  gallons  per  minute 

for  a  meter  smaller  than  2  inches  in  rated 
size,  20  percent  of  the  marked  maximum  rate 
for  a  meter  2  inches  or  over  in  rated  size, 
or  any  lower  minimum  rate  marked  on  the 
meter,  make  a  slow  delivery  into  the  prover 
corresponding  in  nominal  amount  to  the  ca¬ 
pacity  of  the  prover.  Make  an  accurate  setting 
of  the  indicating  elements  of  the  meter  at  the 
desired  reading. 

11.  Repeat  steps  7  and  8.  The  tolerance  is  that  on 

“special”  test. 

12.  As  a  check,  repeat  steps  5,  10,  and  11. 

13.  Make  any  additional  “special”  tests  considered 

necessary  or  advisable  to  develop  the  operat¬ 
ing  characteristics  of  the  meter,  applying  the 
“special-test”  tolerances. 

14.  If  the  meter  is  approved,  affix  lead-and-wire 

security  seals  to  protect  all  adjustable  ele¬ 
ments  affecting  measurement. 

Supervision  Over  Use . — The  opportunities  for  short 
measure  in  the  retail  sale  of  gasoline  through  liquid¬ 
measuring  devices  of  any  type  are  such  that  supervision 
over  such  sales  is  strongly  recommended.  The  oppor¬ 
tunities  mentioned  result  largely  from  the  carelessness 
of  the  purchasers  in  exercising  reasonable  diligence  to 
protect  their  own  interests,  thus  leaving  the  way  open 
to  a  dishonest  operator  to  perpetrate  a  fraud  and  gain 
an  illegal  profit.  Mechanical  safeguards  against  fraudu¬ 
lent  operation  of  a  retail  device  and  means  for  self-pro¬ 
tection  by  the  customer  are  provided  to  the  maximum 
extent  considered  practicable;  but  the  effectiveness  of 
these  safeguards  and  means  is  impaired  or  nullified  when 
the  customer,  as  all  too  often  is  the  case,  pays  no  atten¬ 
tion  to  the  operator  or  to  the  device  when  a  delivery  of 
gasoline  is  being  made  to  him. 

The  official  can  do  something  in  the  direction  of  su¬ 
pervision  by  observing  from  time  to  time  certain  con¬ 
ditions  with  respect  to  the  gasoline-dispensing  devices 
themselves  which  indicate  carelessness  on  the  part  of 
the  operator,  or  a  “set-up”  for  an  unobservant  customer, 
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or  a  faulty  mechanical  condition  of  the  device.  Examples 
of  this  sort  of  thing  are  pistons  left  in  raised  position, 
below-zero  level  of  liquid  in  visible  measuring  chambers, 
and  empty  or  low  liquid  level  in  sight  glasses.  Containers 
around  a  filling  station  partially  filled  with  gasoline  would 
be  viewed  with  suspicion.  Large  shortages,  however,  are 
more  apt  to  result  from  deliberate  delivery  of  less  than 
the  amount  represented,  as  by  stopping  the  up-stroke  of 
a  piston  short  of  full  stroke,  starting  a  delivery  from 
a  visible  device  from  the  1-  or  2-gallon  point  rather  than 
from  zero,  making  an  intentional  “mistake”  in  announc¬ 
ing  the  money  value  of  a  delivery,  and  the  like.  Such 
“errors”  as  these  will  not  be  made  on  every  delivery,  but 
will  only  be  tried  when  an  unobservant  or  inattentive 
customer  is  making  a  purchase. 

In  order  to  take  effective  steps,  possibly  including 
prosecution,  to  stop  practices  such  as  are  mentioned 
above,  definite  evidence  must  be  obtained.  The  best  way 
to  get  this  evidence  is  through  actual  test  purchases,  made 
under  conditions  duplicating  those  which  prevail  in  or¬ 
dinary  commercial  transactions.  For  this  purpose  one  or 
more  automobiles  must  be  specially  fitted  to  adapt  them 
for  use  in  making  the  try-out  purchases.  A  special,  con¬ 
cealed  tank  is  supplied  to  hold  necessary  fuel  for  opera¬ 
tion  of  the  automobile.  The  fuel  line  is  disconnected  from 
the  regular  gasoline  tank  and  concealed  means  are  pro¬ 
vided  for  completely  draining  from  this  tank  any  gaso¬ 
line  placed  therein,  or  the  tank  is  made  removable  so 
that  its  contents  may  be  drained  out.  In  some  cases,  a 
special  form  of  removable  measure  is  employed  to  re¬ 
ceive  the  delivery,  the  arrangement  being  such  that  this 
measure  is  concealed  from  an  ordinary  observer.  In  use, 
the  automobile,  with  regular  tank  empty,  and  driven  by 
someone  who  will  not  be  recognized  by  a  filling-station 
attendant  as  associated  with  the  weights  and  measures 
office,  is  served  in  normal  manner  with,  for  example,  a 
nominal  delivery  of  5  gallons  of  gasoline.  Within  a  few 
minutes  the  automobile  will  be  driven  to  a  rendezvous 
with  the  weights  and  measures  official,  who  measures  the 
delivery  of  gasoline  with  his  standard  measures. 

Try-out  purchases  of  this  sort  should  be  made  when 
particular  stations  are  suspected  by  the  official  of  giving 
short  measure  in  sales  of  gasoline.  Also,  it  is  recom¬ 
mended  that  spot  checks  or  general  surveys  be  made  from 
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time  to  time,  as  a  part  of  the  general  supervisory  pro¬ 
gram  of  the  department. 
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Chapter  14.™ GREASE-MEASURING  DEVICES 

Description. — A  grease-measuring  device  is  defined  in 
the  code  for  such  devices  in  the  following  terms : 

A  mechanism  or  machine  designed  to  measure  grease  or 
transmission  oil  and  to  deliver  such  material  by  definite  vol¬ 
ume. 

The  code  also  carries  the  following  limiting  statement : 

This  code  does  not  apply  to  (a)  devices  constructed  to 
weigh  grease  or  transmission  oil  and  to  deliver  such  material 
by  weight,  (b)  devices  obviously  designed  solely  for  the  high- 
pressure  lubrication  of  bearings  and  similar  parts,  and  (c) 
devices  used  solely  in  operations  for  which  a  flat  rate  is 
charged,  no  variation  in  the  charges  being  made  because  of 
the  varying  amounts  of  lubricant  delivered. 

These  limitations  will  be  observed  in  the  discussions  in 
this  chapter. 

A  number  of  years  ago  hand-operated,  piston-type 
grease-measuring  devices  were  in  rather  widespread  use. 
These  were  similar  in  basic  design  to  piston-type  liquid¬ 
measuring  devices  except  that  intermediate  stops  were 
not  provided.  The  nominal  amount  discharged  was  usually 
1  pint  per  stroke.  Some  devices  were  equipped  with  tally¬ 
ing  devices  to  register  the  number  of  strokes  comprising 
a  delivery,  but  others  were  not  so  equipped.  Many  units 
were  of  the  so-called  “bucket”  type,  these  being  portable 
units  attached  to  containers  holding  about  25  pounds  of 
lubricant.  There  have  been  units  which  employed  rela¬ 
tively  larger  piston-and-cylinder  combinations  equipped 
with  means  to  indicate  the  amount  discharged  as  the  pis¬ 
ton  rose  in  the  cylinder;  in  this  design  the  maximum 
“charge”  of  the  unit  was  the  total  effective  volume  of  the 
cylinder.  “Measuring  gears”  instead  of  other  measuring 
means  have  also  been  employed ;  this  design  was  on  some¬ 
what  the  same  measuring  principle  as  a  meter,  the  lubri¬ 
cant  being  drawn  through  the  gear  system  and  the  move¬ 
ment  of  the  gears  being  indicated  in  terms  of  volumetric 
units.  Small  meters  for  measuring  and  indicating  the 
amount  of  lubricant  dispensed  were  also  developed.  The 
use  of  air  pressure  to  cause  operation  of  the  units  be¬ 
came  common,  and  at  least  one  design  was  equipped  with 
an  electrically-operated  pump.  Some  units  were  designed 
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for  installation  on  commercial  containers  having  various 
capacities,  up  to  a  maximum  of  perhaps  100  pounds; 
complete  dispensing  units  were  also  marketed. 

Meter  units,  operated  by  air  pressure  or  by  means  of 
hand  pumps,  now  seem  largely  to  have  superseded  other 
types  of  devices,  although  “non-measuring”  piston-type 
units  are  still  being  manufactured. 

Inspection. — Grease-measuring  devices  should  be  indi¬ 
vidually  inspected  for  compliance  with  the  applicable 
provisions  of  general  specifications  G-S.l.,  G-S.2.,  G-S.3., 
G-S.4.,  and  G-S.6.,  general  regulations  G  R.2.,  G-R.3., 
and  G-R.5.,  and  the  specifications  of  the  code  for  grease¬ 
measuring  devices.  Inspection  should  precede  testing. 

Testing  Apparatus. — It  is  obvious  that  it  is  imprac¬ 
ticable  because  of  the  contamination  which  would  result, 
to  use  regular  standards  to  receive  deliveries  of  transmis¬ 
sion  oils  and  gear  lubricants  from  grease-measuring  de¬ 
vices.  Accordingly,  some  form  of  “secondary”  standard 
must  be  utilized.  The  secondary  standard  may  be  a  spe¬ 
cial  testing  device  designed  for  this  particular  service  or 
it  may  be  a  reusable  commercial  measure  which  has  been 
specially  calibrated. 

Considering  the  factors  of  accuracy,  convenience  of  use, 
and  ease  of  cleaning,  probably  the  most  satisfactory  type 
of  secondary  standard  is  an  adaptation  of  a  special 
“plunger-type”  tester  which  has  given  good  service  over 
a  period  of  years  in  at  least  one  State.  This  is  illustrated 
by  the  drawings  in  figure  13.  The  tester  is  essentially  a 
partially-graduated  piston-and-cylinder  combination  de¬ 
signed  to  receive  a  nominal  1-pint  delivery  of  grease  and 
to  measure  directly  the  number  of  cubic  inches  by  which 
the  delivery  exceeds  or  falls  short  of  1  pint.  The  piston  is 
fitted  with  a  piston  leather  to  provide  a  tight  seal  with 
the  cylinder  walls.  When  the  piston  is  withdrawn  to  the 
maximum  extent  the  cylinder  capacity  is  greater  than  1 
pint,  and  the  tester  is  then  in  condition  to  accommodate 
a  nominal  1-pint  delivery  of  lubricant.  Following  the 
delivery  the  piston  is  advanced  until  the  surface  of  the 
lubricant  in  the  cylinder  is  raised  to  the  top  edge  of  the 
cylinder  wall;  this  point  can  be  determined  accurately 
by  use  of  a  small  metal  “striking  bar”  or  spatula  to  level 
off  the  surface  of  the  lubricant.  The  error  of  the  delivery 
in  cubic  inches  is  then  read  directly  from  the  gradua¬ 
tions  on  the  piston  rod.  Following  the  measurement  the 
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Figure  13.  Working  drawing  of  special  1-pint  plunger-type 
tester  for  grease-measuring  devices. 
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contents  of  the  cylinder  is  readily  expelled  by  advancing 
the  piston  to  the  maximum  extent,  which  will  bring  the 
top  of  the  piston  to  the  level  of  the  top  edge  of  the  cyl¬ 
inder  wall. 

The  drawings  in  figure  13  have  been  dimensioned  to 
produce  an  accurate  tester,  but  a  tester  having  dimen¬ 
sions  different  from  these  may  be  designed  and  this 
would  be  satisfactory  if  the  essential  characteristics  of 
the  design  are  maintained.  The  basic  requirements  are 
(1)  that  when  the  piston  is  so  positioned  that  the  zero 
graduation  on  the  piston  rod  and  the  index  line  are  in 
coincidence,  the  level-full  capacity  of  that  portion  of  the 
cylinder  above  the  top  of  the  piston  shall  be  exactly 
28.875  cubic  inches  (1  liquid  pint),  and  (2)  that  a  change 
in  the  position  of  the  piston  in  the  cylinder  equal  to 
any  one  division  on  the  graduated  scale  on  the  piston  rod 
shall  produce  a  change  in  the  capacity  of  that  portion  of 
the  cylinder  above  the  top  of  the  piston  equal  to  exactly 
1  cubic  inch.  It  should  be  noted,  however,  that  the  in¬ 
ternal  diameter  of  the  cylinder  should  be  kept  reason¬ 
ably  close  to  the  2!/2-mch  dimension  shown  on  the  draw¬ 
ing;  if  this  diameter  is  considerably  increased,  sensi¬ 
tiveness  will  be  sacrificed,  and  if  this  diameter  is  con¬ 
siderably  reduced,  convenience  of  operation  of  the  tester 
will  be  sacrificed. 

A  commercial,  metal,  1-pint  measure  may  be  calibrated 
carefully  with  water  and  may  then  be  used  as  a  secondary 
standard.  Such  a  measure  should  be  of  small  diameter, 
without  a  pouring  lip  or  rim,  and  should  be  accurate 
when  filled  “level  full”.  A  small  auxiliary  cylindrical 
“cup”  having  a  capacity  of  1.25  cubic  inches  when  filled 
flush  with  the  top,  will  be  required  as  a  tolerance  meas¬ 
ure,  since  the  error  of  a  delivery  can  not  be  read  on  the 
1-pint  measure.  A  “striking  bar”  will  be  needed  to  level- 
off  the  lubricant  in  the  standard ;  a  spatula  having  a  nar¬ 
row  blade  about  5  inches  long  is  recommended.  The 
spatula  will  also  be  useful  in  removing  the  lubricant  from 
the  standard  and  from  the  tolerance  measure,  and  for 
maximum  utility  for  this  purpose  the  end  of  the  spatula 
should  be  cut  square,  with  square  corners.  The  inconven¬ 
ience  and  difficulty  of  cleaning  both  the  secondary  stand¬ 
ard  and  the  tolerance  measure  between  observations  is 
unavoidable  when  using  this  apparatus. 

As  an  alternative  to  the  secondary  standard  discussed 
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in  the  preceding  paragraph,  some  jurisdictions  have  used 
disposable  paperboard  measure-containers.  It  may  be  pos¬ 
sible  to  obtain  1-pint  cylindrical  paperboard  measure- 
containers  of  sufficiently  uniform  accuracy  that  these  can 
safely  be  used  as  secondary  standards.  They  must  be  of 
rigid  construction  to  avoid  any  distortion  during  use,  the 
lot  must  be  adequately  sampled,  and  the  samples  must  be 
carefully  tested  to  establish  beyond  question  their  uni¬ 
form  accuracy,  before  the  official  is  justified  in  using 
these  measure-containers  as  secondary  standards.  The 
reason  for  going  to  the  paperboard  container  for  this 
purpose  is  to  avoid  the  cleaning  necessary  in  the  case  of 
a  metal  standard;  the  paperboard  container  would  be 
used  once  and  would  then  be  discarded.  The  necessity  re¬ 
mains  for  the  use  of  the  tolerance  measure.  The  method 
is  definitely  open  to  the  question  of  the  accuracy  of  the 
paperboard  container  within  the  close  limits  appropriate 
for  a  standard.  In  view  of  this  question,  the  method  is  of 
doubtful  reliability  and  is  not  to  be  recommended. 

Testing  Procedure. — It  is  considered  that  “testing 
drafts”  of  1  pint  will  give  satisfactory  results  when  test¬ 
ing  grease-measuring  devices.  The  testing  medium  is  nec¬ 
essarily  the  lubricant  being  dispensed  by  the  device  under 
test.  The  speed  of  operation  for  testing  purposes  is  treated 
in  code  paragraph  P.l.  For  routine  testing  it  is  recom¬ 
mended  that  deliveries  be  made  at  fast  and  at  slow 
speeds.  On  a  hand-operated  piston-type  device  the  fast 
speed  would  be  one  resulting  from  a  reasonably  vigorous 
operation  of  the  operating  crank  or  lever,  and  the  slow 
speed  should  be  from  one-half  to  one-fourth  of  this.  On 
an  air  or  power  operated  unit,  the  fast  speed  should  be 
the  maximum  speed  of  which  the  installation  is  capable 
(but  within  any  maximum  air-pressure  limitation  shown 
on  the  device),  and  the  slow  speed  should  be  from  one- 
half  to  one-fourth  of  this.  Duplicate  observations  should 
be  made  in  all  cases  except  as  noted.  The  “initial”  pint 
should  be  separately  checked  at  fast  and  at  slow  speed, 
the  mechanism  being  reset  to  zero  reading  before  each 
delivery.  After  the  last  of  these  deliveries,  and  without 
resetting  to  zero,  the  “second”  and  the  “third”  pints 
should  be  separately  checked,  the  speed  of  operation  being 
whatever  is  believed  to  be  normal  for  the  installation.  If 
the  results  on  these  tests  are  in  good  agreement  with  the 
results  on  tests  of  the  “initial”  pint,  duplicate  observa- 
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tions  may  be  omitted ;  otherwise  reset  the  mechanism  to 
zero  reading  and,  as  a  check,  test  again,  separately  and 
without  further  resetting  to  zero,  the  initial,  the  second, 
and  the  third  indicated  pint. 

In  all  cases  where  the  amount  delivered  is  determined 
by  bringing  an  indicator  into  coincidence  with  a  gradua¬ 
tion — as  on  a  meter — care  should  be  exerted  to  make  a 
precise  setting.  If,  inadvertently,  the  indicator  is  caused 
to  advance  too  far,  the  observation  should  be  repeated. 

Actual  manipulation  of  the  volumetric  testing  appara¬ 
tus  has  been  described  sufficiently  in  the  section  on  such 
apparatus  to  make  it  unnecessary  to  discuss  that  subject 
further.  Mention  may  appropriately  be  made  at  this  point, 
however,  of  a  gravimetric  method  of  testing  grease¬ 
measuring  devices  which  offers  some  distinct  advan¬ 
tages,  although  it  necessarily  involves  some  complica¬ 
tions.  The  official  may  decide  between  volumetric  and 
gravimetric  methods  upon  the  basis  of  his  own  evaluation 
of  their  relative  advantages. 

In  brief,  the  gravimetric  method  of  testing  a  grease¬ 
measuring  device  contemplates  the  weighing,  rather  than 
the  measuring,  of  the  amounts  of  lubricant  delivered.  In 
the  case  of  any  particular  device  the  weight  per  pint  of 
the  lubricant  being  dispensed  by  the  device  must  first  be 
known.  Thereafter  it  is  necessary  only  to  weigh  the  de¬ 
liveries  and,  by  simple  arithmetic,  to  compute  the  amounts 
of  the  deliveries  and  tfieir  errors  in  terms  of  pints  and 
cubic  inches. 

The  equipment  required  for  testing  by  the  gravimetric 
method  presents  no  complications.  A  cylindrical  measure 
of  the  slicker-plate  type  having  a  capacity  of  1  pint  or  one 
quart,  preferably  the  latter,  will  be  needed  for  use  in 
determining  the  weight  per  pint  of  the  lubricant.  The 
weighings  can  be  made  on  a  good  over-and-under  scale 
such  as  the  official  regularly  uses  for  the  check-weighing 
of  packages,  on  which  determinations  can  be  made  to  y16 
ounce.  Test  deliveries  from  the  device  can  be  received  in 
any  container  which  is  available  at  the  location  where  the 
test  is  being  made;  the  only  requirements  are  that  the 
container  be  large  enough  to  contain  the  testing  drafts 
and  small  enough  to  be  accommodated  on  the  commodity 
platter  of  the  scale. 

The  only  really  troublesome  factor  in  this  gravimetric 
method  is  determining  the  weight  per  pint  of  the  partic- 
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ular  lubricant  being  dispensed  by  the  grease-measuring 
device  being  tested.  The  densities  of  gear  lubricants  made 
from  different  formulas  vary  considerably — enough  so 
that  it  is  not  safe,  for  testing  purposes,  to  use  any  single 
value  for  all  gear  lubricants.  Furthermore,  the  weight 
per  unit  volume  of  a  particular  lubricant  will  vary  de¬ 
pending  upon  its  temperature,  and  it  is  not  convenient 
to  determine  temperatures  and  make  temperature  cor¬ 
rections  in  any  event.  It  follows,  therefore,  as  a  practical 
matter,  that  the  official  should  determine  the  weight  per 
pint  of  the  lubricant  involved  each  time  a  grease-measur¬ 
ing  device  is  to  be  tested  by  the  gravimetric  method.  This 
operation  is  not  a  complicated  one  and  does  not  require 
much  time.  It  is  performed  as  follows: 

Assume  that  the  capacity  of  the  standard  is  1  quart. 
First  determine  the  tare  weight  of  the  empty,  clean  stand¬ 
ard  and  its  slicker  plate,  to  the  nearest  y1Q  ounce.  This 
value  should  be  permanently  recorded  and  the  determina¬ 
tion  need  not  be  repeated  each  time  a  device  is  to  be 
tested.  Accurately  fill  the  standard  with  lubricant  from 
the  device  to  be  tested,  using  the  slicker  plate,  and  care¬ 
fully  removing  any  lubricant  which  may  accidentally  get 
on  the  outside  of  the  standard.  Weigh,  to  the  nearest 
ylc>  ounce,  the  standard  and  its  contents  and  the  slicker 
plate.  Deduct  from  this  gross  weight  the  tare  weight  of 
the  empty  standard  and  the  slicker  plate.  The  result  is 
the  net  weight  of  1  quart  of  lubricant ;  divide  this  value 
by  2  to  derive  the  weight  per  pint  of  lubricant.  Then 
divide  this  weight  per  pint  by  23  to  derive  the  weight 
equivalent  of  the  maintenance  tolerance,  per  pint,  or  1.25 
cubic  inches  (4.33  percent)  ;  half  of  this  value  will  be 
equivalent  to  the  acceptance  tolerance  per  pint. 

From  data  said  to  be  representative  of  transmission 
and  differential  lubricants,  it  appears  that  the  weights 
per  pint  at  60°  F.  range  from  0.9340  to  0.9945  pound, 
and  that  the  approximate  coefficient  of  expansion  of  these 
lubricants  at  60°  F.  is  0.0004  per  degree  Fahrenheit. 
Based  upon  these  limiting  values,  the  weight  of  1.25  cubic 
inches  (the  prescribed  maintenance  tolerance  per  pint) 
of  the  heaviest  lubricant  at  40°  F.  would  approximate 
0.70  ounce,  and  the  weight  of  1.25  cubic  inches  of  the 
lightest  lubricant  at  80°  F.  would  approximate  0.64 
ounce ;  the  mean  of  these  weights  is  0.67  ounce.  The  deci¬ 
mal  equivalent  of  11  •£#  is  0.6875.  For  routine  field  testing 
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by  the  gravimetric  method,  the  value  of  the  maintenance 
tolerance  may  safely  be  assumed  to  be  iy1G  ounce  for  any 
lubricant  having  a  weight  per  pint  within  the  limits 
stated  above,  at  any  temperature  between  40°  and  80°  F. 
For  similar  conditions,  the  acceptance  tolerance  may  be 
assumed  to  be  ounce.  However,  in  any  case  where 
precise  results  are  required,  the  weight  corresponding  to 
the  applicable  tolerance  should  be  computed  from  the 
weight  per  pint  of  the  lubricant,  as  described  in  the  pre¬ 
ceding  paragraph. 

Having  arrived  at  the  weight  per  pint  of  lubricant,  the 
test  of  the  device  can  proceed  rapidly  as  follows :  Select 
some  suitable  container  which  will  hold  somewhat  more 
than  one  pint,  weigh  it,  and  record  its  tare  weight.  Oper¬ 
ating  the  device  at  fast  speed,  make  a  nominal  1-pint  de¬ 
livery  into  this  container.  Determine  the  gross  weight  of 
container  and  contents.  Deduct  the  original  tare  weight 
of  the  container.  The  remainder  is  the  net  weight  of  the 
delivery,  which  can  then  be  compared  with  the  weight 
per  pint  of  lubricant  to  determine  the  weight  of  any 
excess  or  shortage.  Reference  to  the  appropriate  toler¬ 
ance  figure  previously  computed  will  show  at  once  whether 
or  not  the  error  on  the  delivery  is  within  tolerance. 

Before  the  next  observation  the  container  is  emptied, 
but  it  is  not  necessary  that  it  be  cleaned ;  most  of  the  con¬ 
tents  having  been  removed,  it  is  only  required  to  establish 
and  record  a  new  tare  weight  for  the  container  and  what¬ 
ever  lubricant  remains  in  it.  The  next  delivery  is  then 
made  into  the  container,  the  net  weight  of  the  delivery 
is  computed  using  the  new  tare  weight,  and  the  error  is 
determined  as  before.  The  test  then  proceeds  in  this  man¬ 
ner  until  all  observations  have  been  completed,  one  tare- 
weight  observation  and  one  gross-weight  determination 
being  made  for  each  observation.  The  recommended  se¬ 
quence  of  observations  is  the  same  as  has  been  recom¬ 
mended  for  the  volumetric  tests ;  that  is,  duplicate  obser¬ 
vations  on  nominal  1-pint  deliveries  of  the  first  indicated 
pint  at  fast  and  slow  speeds,  single  observations  on  nom¬ 
inal  1-pint  deliveries  of  the  second  and  third  indicated 
pints  at  normal  speed,  and,  if  considered  necessary,  ob¬ 
servations  on  an  additional  series  of  1-pint  deliveries, 
made  at  normal  speed,  representing,  successively,  the  first, 
second,  and  third  indicated  pints. 

In  this  gravimetric  procedure,  it  may  be  found  more 
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convenient  to  balance  out  the  container  on  the  scale  be¬ 
fore  each  delivery  into  the  container,  instead  of  deter¬ 
mining  and  recording  in  each  case  the  tare  weight  of  the 
container.  In  this  case  the  net  weight  of  each  delivery 
will  be  determined  direct,  instead  of  being  computed  from 
gross  and  tare  weights  as  previously  described. 

A  step-by-step  outline  of  procedure  under  the  gravi¬ 
metric  method  will  not  be  appended  because  of  the  sim¬ 
plicity  of  the  method  once  the  basic  information  on  weight 
per  unit  volume  has  been  obtained. 

Testing  Outlines 

(For  tests  of  grease-measuring  devices  by  weights  and  measures 

officials.) 

Case  I. — When  the  secondary  standard  is  a  plunger-type 
tester : 

1.  If  the  device  is  manually  operable,  bring  the 

crank  or  lever  to  the  proper  “zero”  position. 
Set  the  indicator  of  the  device  at  zero  read¬ 
ing.  Withdraw  the  piston  of  the  tester  to  the 
limit  of  its  travel. 

2.  Make  a  nominal  1-pint  delivery  into  the  cylinder 

of  the  tester  at  a  moderately  fast  speed  if  the 
device  is  manually  operable  or  at  maximum 
speed  if  the  device  is  operated  by  air  pres¬ 
sure  or  power. 

3.  Carefully  advance  the  piston  of  the  tester  to 

bring  the  level  of  the  lubricant  even  with  the 
top  edge  of  the  cylinder  wall,  using  the  strik¬ 
ing  bar  or  spatula  to  verify  the  accuracy  of 
this  operation. 

4.  Read  the  error  on  the  delivery  directly  from  the 

graduations  on  the  piston  rod  of  the  tester. 

5.  Expel  the  contents  of  the  tester. 

6.  Reset  the  indicator  of  the  device  to  zero  reading 

and,  as  a  check,  repeat  steps  2  through  5. 

7.  Reset  the  indicator  of  the  device  to  zero  reading 

and  repeat  steps  2  through  5  except  operate 
the  device  at  from  one-half  to  one-fourth  the 
former  speed. 

8.  As  a  check,  repeat  step  7. 

9.  Without  resetting  the  indicator  of  the  device  to 

zero  reading,  make  a  delivery  of  the  second 
indicated  pint,  operating  the  device  at  normal 
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speed,  and  repeat  steps  3,  4,  and  5.  In  the 
same  manner  determine  the  error  on  the  de¬ 
livery  of  the  third  indicated  pint. 

10.  If  the  errors  so  far  determined  are  not  in  rea¬ 

sonable  agreement,  reset  the  indicator  of  the 
device  to  zero  reading  and,  without  subse¬ 
quent  resetting  of  the  indicator,  successively 
determine  as  in  step  9  the  errors  on  deliveries 
of  the  first,  second,  and  third  indicated  pints, 
operating  the  device  at  normal  speed. 

11.  If  the  device  is  approved,  affix  lead-and-wire 

security  seals  to  protect  all  adjustable  ele¬ 
ments  affecting  measurement. 

Case  II. — When  the  secondary  standard  is  a  conventional 
measure : 

Note. — The  following  outline  is  based  upon  a  test  to  which  maintenance 
tolerances  are  applicable.  Modifications  needed  to  apply  acceptance  tolerances 
should  be  apparent.  One-half  the  contents  of  the  tolerance  measure  may  be  esti¬ 
mated,  as  representing  the  acceptance  tolerance  on  a  1-pint  delivery. 

1.  If  the  device  is  manually  operable,  bring  the 

crank  or  lever  to  the  proper  “zero”  position. 
Set  the  indicator  of  the  device  at  zero  reading. 

2.  Begin  a  nominal  1-pint  delivery  by  operating  the 

device  slowly  until  the  tolerance  measure  is 
filled  ;  then  complete  the  delivery  into  the  stand¬ 
ard,  operating  the  device  at  a  moderately  fast 
speed  if  it  is  manually  operable  or  at  a  maxi¬ 
mum  speed  if  it  is  operated  by  air  pressure  or 
power. 

3.  Attempt  to  level-off  the  contents  of  the  standard 

even  with  its  top  edge,  using  the  striking  bar 
or  spatula. 

(a)  If  there  is  an  excess  of  lubricant  in  the 

standard,  the  delivery  is  in  error  in 
excess  of  the  maintenance  tolerance. 

(b)  If  the  standard  is  not  filled  wtih  lubri¬ 

cant,  add  to  the  standard  the  contents 
of  the  tolerance  measure ;  if  this  addi¬ 
tion  is  enough  or  more  than  enough  to 
fill  the  standard,  the  error  on  the  de¬ 
livery  is  within  the  maintenance  tol¬ 
erance. 

(c)  If  following  sub-step  (b)  the  standard 

is  still  not  filled  with  lubricant,  refill 
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the  tolerance  measure  from  the  device 
and  then  add  its  contents  to  the  stand¬ 
ard.  If  this  addition  is  enough  or  more 
than  enough  to  fill  the  standard,  the 
original  delivery  is  within  the  main¬ 
tenance  tolerance;  otherwise,  the  er¬ 
ror  of  that  delivery  exceeds  the  main¬ 
tenance  tolerance. 

4.  Clean  out  the  standard  and  the  tolerance  measure 

and,  as  a  check,  repeat  steps  1,  2,  and  3.  (If 
the  first  delivery  was  found  to  be  short,  the 
filling  of  the  tolerance  measure  in  step  2  may 
be  omitted,  in  the  expectation  that  the  check 
delivery  will  also  be  short.) 

5.  Clean  out  the  standard  and  the  tolerance  measure, 

and  repeat  steps  1  through  4,  operating  the  de¬ 
vice  at  from  one-half  to  one-fourth  the  former 
speed. 

6.  Clean  the  standard  and  tolerance  measure,  as 

before.  Without  resetting  the  indicator  of  the 
device  to  zero  reading,  and  operating  the  de¬ 
vice  at  normal  speed,  successively  determine 
the  errors  on  deliveries  of  the  second  and  third 
indicated  pints  as  in  steps  2  and  3. 

7.  If  the  errors  so  far  determined  are  not  in  reason¬ 

able  agreement,  reset  the  indicator  of  the  de¬ 
vice  to  zero  reading  and,  without  subsequent 
resetting  of  the  indicator,  successively  deter¬ 
mine  as  in  step  6  the  errors  on  deliveries  of 
the  first,  second,  and  third  indicated  pints, 
operating  the  device  at  normal  speed. 

8.  If  the  device  is  approved,  affix  lead-and-wire  se¬ 

curity  seals  to  protect  all  adjustable  elements 
affecting  measurement. 


Chapter  15.— VEHICLE  TANKS 

Description. — The  code  for  vehicle  tanks  defines  a  ve¬ 
hicle  tank  as  “an  assembly  used  for  the  delivery  of  liq¬ 
uids,  comprising  a  tank,  which  may  or  may  not  be  sub¬ 
divided  into  two  or  more  compartments,  mounted  upon 
a  vehicle,  together  with  its  accessory  piping,  valves, 
meters,  etc.”,  and  a  compartment  is  defined  as  “the  entire 
tank  when  this  is  not  subdivided ;  otherwise,  any  one  of 
those  subdivisions  of  a  tank  designed  to  hold  liquid.” 

The  weights  and  measures  official  is  almost  never  called 
upon  to  deal  with  vehicle  tanks  other  than  those  used  for 
handling  refined  petroleum  products,  specifically  kero¬ 
sene,  gasoline,  and  heating  oil.  Also,  the  official  is  con¬ 
cerned  only  when  the  vehicle  tank  is  used  for  making 
commercial  quantity  measurements.  Accordingly  this  dis¬ 
cussion  will  be  limited  to  vehicle  tanks  designed  for  the 
measurement  of  kerosene,  gasoline,  or  heating  oil. 

A  primary  grouping  of  vehicle  tanks  may  be  made  upon 
the  basis  of  the  two  primary  means  provided  for  measur¬ 
ing  the  product  carried.  In  the  one  case  the  vehicle-tank 
compartments  are  used  as  measures,  being  equipped  with 
indicators  to  define  their  capacity  fill  points,  and  being 
calibrated  much  as  in  the  case  of  any  large-capacity 
liquid  measure.  In  the  other  case  the  vehicle  tank  is 
equipped  with  one  or  more  large-capacity  fluid  meters 
similar  in  general  design  to  the  wholesale-type  meters 
discussed  in  the  chapter  on  liquid-measuring  devices.  A 
design  now  very  commonly  employed  is  a  combination  of 
the  two  basic  types  described ;  that  is,  the  vehicle  tank  is 
meter-equipped,  but  is  designed  to  permit  discharge  of 
liquid  through  the  meter  or  not  at  the  option  of  the  oper¬ 
ator.  Thus,  with  this  combination  design,  full-compart¬ 
ment  deliveries  may  be  made  and  billed  upon  the  basis  of 
the  calibrated  compartment  capacities,  and  partial-com¬ 
partment  deliveries  may  be  made  and  billed  upon  the 
basis  of  the  meter  indications.  In  the  code  for  vehicle 
tanks  there  are  three  groups  of  specifications,  this  divi¬ 
sion  being  brought  about  by  the  design  differences  just 
mentioned.  The  first  group  comprises  “general  specifica- 
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tions  applicable  both  to  vehicle  tanks  used  as  measures 
and  to  vehicle  tanks  equipped  with  meters”.  The  second 
group  comprises  “additional  specifications  applicable  only 
to  vehicle  tanks  used  as  measures”.  The  third  group  com¬ 
prises  “additional  specifications  applicable  only 'to  vehicle 
tanks  equipped  with  meters”.  Obviously,  all  of  the  speci¬ 
fications  apply  to  the  combination  design  of  vehicle  tank 
intended  for  measurement  either  by  compartment  or  by 
meter. 

Another  basic  grouping  of  vehicle  tanks  may  be  made 
upon  the  basis  of  the  character  of  the  discharge  from 
the  compartments.  Discharge  by  gravity  can  be  made 
when  the  delivery  is  to  an  underground  storage  tank 
below  the  level  on  wThich  the  vehicle  tank  stands.  If  the 
delivery  is  to  a  receptacle  above  the  level  of  the  vehicle 
tank,  the  discharge  must  be  made  under  pump  pressure, 
and  for  such  service  (except  in  a  few  special  cases)  the 
vehicle  tank  is  equipped  with  a  pump,  usually  powered 
from  the  truck  motor  through  a  take-off  from  the  trans¬ 
mission.  In  some  instances  the  pump  may  be  powered 
from  its  own  small  gasoline  engine  or  may  be  electrically 
driven,  power  being  generated  by  a  small  engine-driven 
generator.  (In  some  locations  such  as  bulk  storage  plants 
receiving  deliveries  from  large  transport  trucks,  where 
deliveries  must  be  elevated,  the  necessary  pumping  is 
accomplished  by  means  of  portable  or  permanently-in¬ 
stalled  pumps  separate  from  the  vehicle  tank.)  Here 
again  the  combination  unit  is  encountered,  designed  for 
either  gravity  or  pump  discharge  as  required  by  circum¬ 
stances. 

Present-day  vehicle  tanks  are  an  evolution  from  a  sim¬ 
ple  tank  equipped  with  a  draw-off  faucet  and  mounted 
upon  a  wagon  bed.  Such  tanks  were  used  in  early  days 
for  the  delivery  of  kerosene,  and  measurement  of  the 
product  was  effected  by  means  of  5-gallon  measures — the 
so-called  “tank  wagon  buckets”.  Some  kerosene  is  still 
handled  by  vehicle  tanks,  but  these  devices  are  very 
largely  used  in  the  following  services : 

1.  The  transportation  of  gasoline  and  fuel  oil  between  re¬ 
fineries  or  pipe-line  terminals  and  bulk  storage  plants.  The 
vehicle  tanks  used  in  this  service  are  of  relatively  large  ca¬ 
pacity,  ranging  from  4,000  to  7,000  gallons,  and  are  spoken  of 
as  “transport  trucks”  or  “transports”. 

2.  The  wholesale  delivery  of  gasoline  to  retail  filling  sta¬ 
tions  and  garages.  This  is  sometimes  referred  to  as  “metro- 
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politan  delivery”.  The  vehicle  tanks  used  may  be  semi-trailers 
of  relatively  large  capacity,  comparable  to  some  of  the  trans¬ 
ports,  (4,000  to  6,500  gallons)  or  single  vehicles  of  medium 
or  relatively  small  capacity  ranging  from  1,200  to  3,500  gal¬ 
lons. 

3.  The  delivery  of  industrial,  heavy  fuel  oil.  The  vehicle 
tanks  used  correspond  roughly  in  capacities  to  the  single  ve¬ 
hicles  used  for  metropolitan  deliveries  of  gasoline  (1,500  to 
4,000  gallons). 

4.  The  delivery  of  domestic  fuel  oil.  The  vehicle  tanks  used 
are  usually  of  relatively  small  capacity,  although  they  may 
occasionally  approach  the  “medium”  capacities  of  the  vehicle 
tanks  used  for  metropolitan  deliveries  of  gasoline;  the  range 
is  from  1,000  to  3,500  gallons. 

5.  The  delivery  of  gasoline  and  domestic  fuel  oil  in  rural 
areas,  including  retail  deliveries  of  gasoline  to  farms  and 
other  large  private  users.  The  capacities  of  the  vehicle  tanks 
used  range  from  400  to  2,300  gallons. 

6.  The  delivery  of  gasoline  directly  to  airplanes.  The  ca¬ 
pacities  of  the  vehicle  tanks  used  range  from  200  to  5,000 
gallons. 

The  capacities  of  vehicle  tanks  are  usually,  but  not  in¬ 
variably,  rated  to  an  even  100  gallons.  Manufacturers 
will  build  tanks  to  the  special  order  of  the  customer,  but 
all  regular  designs  except  for  the  very  small  tanks  pro¬ 
vide  for  division  into  from  2  to  10  compartments.  Com¬ 
partment  capacities  range  upward  from  600  gallons  for 
transports  and  from  100  gallons  for  other  classes,  ac¬ 
cording  to  available  catalog  information. 

Pumping  units,  meters,  and  hose  reels  are  ordinarily 
considered  as  accessories,  to  be  supplied  by  the  manufac¬ 
turer  as  ordered  by  the  customer.  An  exception  is  the 
“airplane  refueler”,  which  is  always  equipped  with  pump¬ 
ing  means  and  at  least  one  meter  and  hose  reel;  two  in¬ 
dependent  meters  and  pumps,  which  may  be  operated 
simultaneously,  are  practically  “standard”  for  these  units. 
(It  may  be  noted  in  passing  that  airplane  refuelers  may 
be  equipped  to  remove  gasoline  from  the  tanks  of  an 
airplane  as  well  as  to  deliver  it  to  such  tanks ;  the  meter 
piping  may  be  so  arranged  that  these  “reverse  flows” 
can  be  metered,  or  reversible  meters,  designed  to  “sub¬ 
tract”  the  reverse  flow,  may  be  supplied.) 

Metropolitan  deliveries  of  gasoline  are  ordinarily  made 
by  gravity  into  underground  storage  tanks,  so  that  pump¬ 
ing  units  are  not  to  be  expected  on  vehicle  tanks  in  this 
class  of  service.  Hose  lines  are  short  and  of  relatively 
large  diameter.  There  appears  to  be  a  definite  trend 
toward  larger  storage  tanks  at  filling  stations,  and  this 
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makes  possible  a  larger  proportion  of  “full-compartment 
drops”  than  was  formerly  the  case.  Many  tanks  in  this 
service  are  equipped  with  one  or  two  meters,  designed  for 
operation  under  gravity  flows.  Piping  and  valves  on  these 
vehicle  tanks  are  normally  such  as  to  permit,  at  the 
option  of  the  operator,  delivery  through  the  meter  or  de¬ 
livery  without  passage  through  the  meter. 

The  transport  truck  in  strictly  “transport”  service  de¬ 
livers  at  destination  its  entire  load.  As  a  vehicle  tank, 
the  transport  is  normally  designed  for  gravity  discharge 
only  and  is  not  equipped  with  a  meter.  Delivery  may  be 
from  the  rear  or  the  side  of  the  vehicle.  However,  some 
companies  use  vehicles  which  combine  the  functions  of 
transports  and  vehicles  for  metropolitan  deliveries.  The 
vehicles  essentially  duplicate  the  true  “transport”  in  size 
and  general  characteristics,  and  carry  gasoline  and  other 
products  from  refinery,  pipe-line  terminal,  or  water  ter¬ 
minal  direct  to  large  service  stations,  thus  eliminating 
rehandling  through  a  bulk  station.  Such  vehicles  may  be 
expected  to  be  equipped  with  meters. 

Vehicle  tanks  in  fuel-oil  service  frequently  are  required 
to  deliver  into  tanks  higher  than  the  vehicle  tanks  them¬ 
selves  and  at  considerable  distances  from  the  vehicle 
tanks.  Accordingly,  pumps  and  hose  reels  (carrying  up 
to  150  feet  of  hose)  are  regular  equipment,  and  meters 
are  to  be  expected.  Ordinarily  a  vehicle  tank  will  regu¬ 
larly  be  used  for  a  particular  kind  or  grade  of  oil,  and  so 
need  be  equipped  with  only  one  pump  and  one  meter. 
If  two  grades  of  oil  are  carried,  separate  pumps  and 
meters  may  be  provided  for  each  grade  in  order  to  avoid 
mixing  and  contamination.  Delivery  may  be  from  the 
rear  or  the  side  of  the  vehicle.  The  oils  used  as  industrial 
fuels  are  frequently  very  “heavy”  oils  which  do  not  flow 
readily  at  ordinary  temperatures ;  vehicle  tanks  used  for 
delivering  such  oils  may  be  equipped  with  heating  coils 
to  heat  the  fuel  and  thus  facilitate  its  discharge  from  the 
vehicle. 

Vehicle  tanks  in  rural  service  are  very  frequently  used 
for  delivering  a  variety  of  petroleum  products  on  a  single 
trip.  Gasoline,  kerosene,  and  domestic  fuel  oil  are  the 
products  normally  handled.  Possible  contamination  of  one 
or  another  of  these  products  must  be  guarded  against, 
and  so  the  piping  arrangements  and  the  meter  hook-ups 
on  these  vehicle  tanks  may  differ  from  those  on  vehicle 
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tanks  which  normally  carry  but  one  variety  of  product. 
Delivery  from  a  rural  vehicle  tank  is  ordinarily  made 
from  the  rear  of  the  vehicle. 

The  arrangement  of  piping,  valves,  and  faucets  on  a 
vehicle  tank  may  be  simple  or  relatively  complex.  The 
most  simple  plan  is  a  separate  delivery  line  from  each 
compartment  terminating  in  a  delivery  faucet.  When  a 
pump  is  employed  the  pump  suction  line  may  be  con¬ 
nected  to  the  delivery  line  from  any  compartment  by 
means  of  a  short  length  of  hose  equipped  with  a  quick¬ 
coupling  fitting  designed  to  be  connected  at  the  faucet. 
(See  fig.  14.)  Instead  of  having  the  lines  from  each  com¬ 
partment  terminate  in  delivery  faucets,  these  lines  may 


Figure  14.  Schematic  diagram  of  simple  piping  arrangement  on 
vehicle  tank  equipped  for  gravity  or  pump  deliveries. 


be  connected  to  a  transverse  line  known  as  a  manifold, 
and  the  manifold  may  have  a  single  delivery  faucet;  a 
valve  is  required  in  each  compartment  line  for  the  pur¬ 
pose  of  opening  or  closing  off  the  line  to  the  manifold. 
When  the  compartment-line  valves  are  so  interlocked  that 
no  such  valve  can  be  opened  unless  all  other  such  valves 
are  closed,  the  arrangement  is  known  as  a  “selective” 
valve  system. 

A  pumping  system  and  hose  reel  can  be  connected  with 
the  manifold,  permitting  optional  gravity  or  pump  de¬ 
liveries  ;  or,  the  “gravity”  faucet  may  be  omitted,  requir¬ 
ing  all  deliveries  to  be  made  through  the  pump  and  the 
“wet”  hose  connected  to  it.  A  meter  may  be  introduced 
into  the  pump-discharge  line,  and  the  piping  may  be  so 
arranged  that  all  liquid  from  the  pump  must  pass  through 
the  meter,  or  a  by-pass  line  around  the  meter  may  be 
provided.  Means  may  be  provided  for  connecting  the 
pump-suction  line  to  an  outside  source  of  supply,  permit- 
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ting  the  pumping  of  liquid  into  a  compartment  through 
the  hose  line.  Whenever  one  of  these  variations  is  intro¬ 
duced,  the  necessary  valve  or  valves  must  be  installed 
to  control  the  flow  of  liquid  as  required.  (See  fig.  15.) 

Immediately  adjacent  to  the  discharge  orifice  from  a 
compartment,  an  “emergency”  valve  is  ordinarily  in- 


Figure  15.  Schematic  diagram  of  manifolded  piping  on  vehicle 
tank  equipped  for  gravity,  pump,  and/or  metered  deliveries. 


stalled.  The  purpose  of  this  valve  is  to  close  off  the  com¬ 
partment  from  the  delivery  line  so  that  in  case  of  accident 
and  damage  to  the  vehicle  lines  the  contents  of  the  com¬ 
partment  will  not  be  spilled  onto  the  pavement  or  high¬ 
way.  Emergency  valves  may  be  controlled  separately, 
either  from  the  top  of  the  tank  or  from  the  rear  of  the 
vehicle.  Sometimes  provision  is  made  for  automatic 
“gang”  closing  of  all  opened  emergency  valves  when  the 
cabinet  doors  are  closed,  or  for  similar  “gang”  closing 
by  means  of  a  control  located  near  the  front  of  the  tank. 

Inspection. — Before  the  official  can  competently  inspect 
a  vehicle  tank,  he  must  thoroughly  understand  the  ar¬ 
rangement  of  piping,  valves,  and  auxiliary  equipment. 
Such  information  can  ordinarily  be  gained  by  inquiry 
from  the  representative  of  the  vehicle  owner,  but  this 
should  be  supplemented  by  the  personal  scrutiny  of  the 
official. 

Some  officials  have  reported  vehicle  tanks  in  service 
on  which  the  piping  and  valve  arrangements  were  con¬ 
sidered  conducive  to  the  perpetration  of  fraud  because  of 
the  possibility  of  diversion  of  measured  liquid.  Two  spec- 
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ifications  can  be  invoked  in  such  cases,  general  specifica¬ 
tion  G-S.2.  and  vehicle-tank  specification  S.20,2.  Other 
general  requirements  in  relation  to  which  a  vehicle  tank 
should  be  inspected  are  general  specifications  G-S.3., 
G-S.4.1.,  G-S.5.,  and  G-S.6.,  and  general  regulations 
G-R.2.,  G-R.3.,  and  G-R.5.  Also,  meters  on  vehicle  tanks 
should  comply  with  all  of  the  applicable  provisions  of 
general  specification  G-S.4.  In  addition,  vehicle  tanks  and 
meters  installed  on  vehicle  tanks  should  be  inspected  for 
compliance  with  all  applicable  specification  requirements 
of  the  code  for  vehicle  tanks,  and  it  should  be  noted  that 
a  meter  is  required,  in  general,  to  meet  the  requirements 
for  wholesale-type  meters  as  set  forth  in  the  code  for 
liquid-measuring  devices. 

With  respect  to  vehicle-tank  specification  S.10.2.,  it  may 
be  stated  that  the  requirement  that  “the  compartment 
capacity  shall  be  construed  as  excluding  the  capacity  of 
the  piping  leading  therefrom”  was  adopted  by  the  Na¬ 
tional  Conference  after  extended  consideration.  When  the 
code  was  tentatively  adopted  in  1923  the  requirement  was 
as  it  is  today,  the  thinking  being  that  if  the  capacity  of 
the  piping  were  to  be  included  in  the  capacity  of  the 
compartment,  emergency  valves  could  be  closed  at  the 
time  of  the  filling  of  a  compartment  and  the  compartment 
would  give  an  indication  of  being  completely  filled  where¬ 
as  actually  the  lines  leading  from  the  compartment  would 
be  empty.  In  the  situation  described,  there  would  be  a 
shortage  equivalent  to  the  capacity  of  the  lines.  In  1925, 
when  the  tentative  code  was  fully  adopted,  the  Confer¬ 
ence  reversed  the  requirement,  providing  for  inclusion  of 
pipe  line  capacity,  this  action  being  predicated  upon  rep¬ 
resentations  that  the  emergency  valves  would  not  remain 
tightly  closed  and  that  filling  of  the  line  was  inevitable  a 
short  time  after  a  compartment  had  been  filled  in  spite 
of  a  closed  emergency  valve.  This  version  of  the  require¬ 
ment  remained  in  the  tentative  code  until  1935,  when  the 
question  was  again  reconsidered  and,  as  a  result  of  ex¬ 
tended  debate,  the  original  requirement  was  restored. 

Some  vehicle-tank  owners  now  ask  that  the  capacity 
of  the  line  from  each  compartment  be  separately  deter¬ 
mined,  and  that  this  value  be  shown  in  each  case  or  that 
the  compartment  capacity  be  shown  as  including  as  well 
as  excluding  the  capacity  of  the  line  leading  therefrom. 
This  dual  marking  is  not  recognized  by  the  code,  but  is 
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believed  to  be  unobjectionable  provided  that  the  marking 
of  the  two  capacities  is  such  that  each  of  the  two  values 
is  clearly  defined  and  identified. 

The  requirement  in  vehicle-tank  specification  S.10.4. 
for  “an  expansion  space  of  at  least  0.75  percent  of  the 
nominal  compartment  capacity”  is  a  minimum  require¬ 
ment.  That  is,  an  expansion  space  greater  than  0.75  per¬ 
cent  is  not  in  violation  of  the  specification.  Local  require¬ 
ments,  conditions  of  use,  or  the  desires  of  the  vehicle- 
tank  owner  frequently  result  in  provision  for  an  expan¬ 
sion  space  considerably  greater  than  three-fourths  of 
one  percent  of  the  compartment  capacity. 

The  code  is  silent  with  respect  to  those  attachments  to 
meters  which  are  designed  to  shut  off  the  flow  after  de¬ 
livery  of  a  predetermined  number  of  gallons.  Such  a  pre¬ 
determining  attachment  should,  however,  be  clearly  dif¬ 
ferentiated  from  the  primary  indicating  elements  of  the 
meter,  and  it  should  be  inspected  to  determine  that  its 
design  and  installation  are  such  that  it  is  not  conducive 
to  the  perpetration  of  fraud.  Such  an  attachment  is  asso¬ 
ciated  with  the  primary  indicating  elements  of  the  meter, 
and  as  the  latter  reach  the  indication  for  which  the  pre¬ 
determining  element  is  set  at  any  time,  the  discharge 
valve  of  the  meter  is  automatically  closed. 

With  respect  to  ticket-printing  attachments  for  meters, 
the  attachments  themselves  and  the  recorded  representa¬ 
tions  which  they  issue  should  be  inspected  under  the 
provisions  of  general  specification  G-S.5. 

Testing  Apparatus — General  Considerations. — Because 
of  the  wide  variation  in  the  conditions  which  affect 
vehicle-tank  testing,  as  between  relatively  small  areas 
with  large  numbers  of  vehicle  tanks  (such  as  large  cities) 
on  the  one  hand  and  relatively  large  areas  in  which  com¬ 
paratively  few  vehicle  tanks  are  in  use  (such  as  thinly 
populated  States)  on  the  other  hand,  no  single  recom¬ 
mendation  for  testing  apparatus  for  vehicle-tank  testing 
is  practicable.  Moreover,  some  jurisdictions  are  totally 
unable  to  obtain  adequate  funds  for  completely  satis¬ 
factory  testing  apparatus.  Accordingly,  in  the  discussion 
which  follows  several  suggestions  for  testing  equipment 
will  be  made,  from  which  the  weights  and  measures  of¬ 
ficial  may  choose  according  to  the  conditions  prevailing 
in  his  jurisdiction.  Whenever  the  official,  for  compelling 
reasons,  must  accept  less  than  the  most  satisfactory  type 
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of  testing  apparatus,  this  should  be  considered  as  a  tem¬ 
porary  compromise  only,  and  a  continuing  effort  should 
be  made  to  improve  this  at  every  opportunity. 

The  requirements  for  compartment  testing  and  for 
meter  testing  are  not  the  same.  As  has  been  pointed  out 
earlier  in  this  chapter,  some  vehicle  tanks  are  not 
equipped  with  meters,  some  vehicle  tanks  make  all  their 
deliveries  through  meters,  and  some  vehicle  tanks  are 
equipped  for  both  compartment  deliveries  and  meter  de¬ 
liveries.  Apparatus  which  is  adequate  for  calibrating  com¬ 
partments  may  be  useless  for  the  testing  of  meters.  Also, 
vehicle-tank  meters  may  be  designed  for  delivery  under 
pump  pressure  or  for  delivery  by  gravity;  testing  ap¬ 
paratus  which  is  well  suited  for  the  one  may  be  quite 
unsuited  for  the  other.  Apparatus  must  be  designed  or 
assembled,  therefore,  to  meet  the  needs  which  exist.  If 
something  must  be  sacrificed,  the  apparatus  procured 
should  be  best  adapted  for  the  service  which  is  the  most 
important  in  the  particular  jurisdiction  in  question. 

Testing  Apparatus  for  Compartment  Calibration. — It 
is  at  once  apparent  that  the  apparatus  must  be  sus¬ 
ceptible  of  wide  flexibility  in  the  matter  of  the  gallonage 
involved  in  a  particular  calibrating  operation.  Values 
must  be  determined,  under  the  code,  to  the  nearest  half¬ 
gallon,  and  the  nominal  capacity  of  a  compartment  may 
be  anywhere  between  100  gallons  and  7,000  gallons.  For 
a  particular  jurisdiction,  of  course,  the  capacity  range 
may  be  considerably  smaller  than  that  stated,  but  in  any 
event  large  amounts  of  liquid  must  be  measured  and 
transferred  and  the  determinations  will  in  the  large 
majority  of  cases  involve  “odd”  amounts. 

Accuracy  of  final  results  is  a  prime  requisite.  Speed  of 
operation  is  important,  because  at  best  the  calibration  of 
the  compartments  of  a  vehicle  tank  is  a  long  operation ; 
with  inefficient  apparatus  the  time  demands  upon  the 
official  and  the  vehicle  driver  and  the  time  loss  for  the 
vehicle  become  serious.  The  cost  of  the  apparatus  is 
usually  an  important  factor,  and  the  apparatus  should  be 
carefully  planned  to  serve  the  particular  needs  of  the 
jurisdiction  to  the  best  advantage. 

For  compartment  testing  the  vehicle  tank  code  now 
specifies  that  the  testing  medium  shall  be  “water  or  light 
fuel  oil”.  Available  information  indicates  that  the  ma¬ 
jority  of  jurisdictions  use  water  for  this  purpose.  It  is 
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sometimes  suggested  that  it  is  objectionable  to  put  water 
into  compartments  used  for  carrying  petroleum  products 
because  of  possible  contamination  of  products  carried 
subsequent  to  the  test;  this  suggestion  does  not  appear 
to  have  much  merit  in  view  of  the  specification  require¬ 
ment  that  a  vehicle  tank  shall  be  so  constructed  that  the 
compartments  will  drain  completely.  It  may  also  be  noted 
that  jurisdictions  using  water  as  a  testing  medium  seem 
to  be  doing  this  without  objection  from  vehicle-tank 
users  and  with  satisfaction  on  the  part  of  all  concerned. 
Although  the  use  of  a  light  fuel  oil  as  a  testing  medium 
should  be  entirely  satisfactory  in  itself,  such  use  involves 
more  complicated  mechanical  apparatus,  with  consequent 
increased  cost,  as  compared  with  the  use  of  water. 

Of  13  representative  jurisdictions  recently  queried  on 
vehicle-tank  testing  procedures,  all  but  one  reported  that 
with  relatively  minor  exceptions  compartments  were  reg¬ 
ularly  tested  by  measuring-in  rather  than  by  measuring- 
out.  That  is  to  say,  the  large  majority  followed  the  pro¬ 
cedure  of  basing  their  tests  on  the  introduction  of  meas¬ 
ured  amounts  of  the  testing  medium  into  the  compart¬ 
ments,  rather  than  on  the  measurement  out  of  a  compart¬ 
ment  of  the  testing  medium  with  which  it  had  been  filled. 
Theoretically,  measuring-out  might  seem  to  be  the  prefer¬ 
able  method.  Practically,  however,  the  capacity  of  a  com¬ 
partment  can  be  determined  on  a  “to  deliver”  basis  if  the 
compartment  walls  are  first  wetted  with  the  testing 
medium,  and  the  testing  equipment  needed  can  be  ma¬ 
terially  simpler  when  measuring-in  than  it  is  when  meas¬ 
uring-out. 

There  remains  for  consideration  the  question  of  port¬ 
able  apparatus  versus  apparatus  mounted  in  a  fixed  loca¬ 
tion.  From  the  viewpoint  of  efficiency  of  the  testing  oper¬ 
ation,  the  fixed-location  installation  is  certainly  to  be 
preferred  to  the  portable  equipment.  The  principal  objec¬ 
tion  to  the  fixed  installation  is  that  when  a  large  area  is 
to  be  served,  some  vehicle  tanks  must  travel  considerable 
distances  to  reach  the  testing  station.  The  best  recom¬ 
mendation  is  that  for  any  area  in  which  considerable 
numbers  of  vehicle  tanks  are  in  service,  testing  stations 
be  set  up  in  sufficient  number  and  at  such  locations  that 
all  vehicle  tanks  can  reach  some  station  without  an  ex¬ 
cessive  amount  of  dead  mileage.  For  an  area  which  is 
large  and  in  which  only  a  relatively  small  number  of  ve- 
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hide  tanks  are  in  service,  the  official  must  decide  between 
the  alternatives  of  a  fixed  station  and  a  long  trip  for  the 
vehicle  tank,  and  a  portable  equipment  to  be  operated 
throughout  the  area  by  the  jurisdiction  and  tests  under 
conditions  which  are  by  no  means  ideal. 

Specifically,  fixed  testing  stations  are  recommended  for 
city  and  for  county  jurisdictions  and  for  State  jurisdic¬ 
tions  except  in  sparsely  settled  areas.  One  such  station 
each  should  be  adequate  for  cities  and  for  most  counties. 
If  the  vehicle-tank  testing  is  carried  on  as  a  State  func¬ 
tion,  the  number  of  stations  needed  will  depend  upon 
such  factors  as  the  number  of  vehicle  tanks  to  be  tested, 
the  size  of  the  State,  the  distribution  of  vehicle-tank 
operation,  and  accessibility  as  determined  by  the  highway 
system. 

For  compartment  testing  at  a  fixed  station  the  follow¬ 
ing  is  recommended :  A  measure-in  system,  water  being 
the  testing  medium.  A  suitable  structure  in  which  to 
mount  a  series  of  volumetric  standards  at  such  a  height 
that  delivery  of  measured  water  may  be  made  by  gravity, 
through  short  lines,  to  the  compartments  to  be  tested.  The 
following  details  should  be  observed : 

1.  The  structure  should  be  rigid  and  should  provide  adequate 
shelter  from  the  weather  for  personnel,  testing  apparatus,  and 
the  vehicle  tank  under  test,  and  should  include  a  small  office  for 
the  official’s  use  in  handling  necessary  paper  work.  A  stairway 
rather  than  a  ladder  should  be  provided  for  access  to  the  working 
level. 

2.  Water  supply  lines  should  be  piped  to  each  standard,  and  the 
pipe  size  should  be  large  enough  to  permit  rapid  filling  of  the 
standards.  Three-inch  lines  are  suggested  for  the  larger  standards. 

3.  Each  large  standard  should  be  equipped  with  a  fixed  “zero” 
overflow  pipe,  to  level  off  the  water,  automatically,  at  the  proper 
point  when  the  standard  is  filled.  (A  gage  glass  to  indicate  the 
rise  of  the  liquid  level  in  the  upper  portion  of  the  body  of  the 
standard  will  be  helpful  in  avoiding  overflowing  of  the  standard 
during  the  filling  operation.) 

4.  The  large  standards  should  discharge  into  a  manifold  with  a 
single  discharge  line  for  delivery  to  the  compartment  under  test. 

5.  The  manifold  and  the  discharge  lines  from  the  larger  stand¬ 
ards  should  be  not  less  than  3-inch  lines. 

6.  All  discharge  lines,  including  the  manifold,  should  be  in¬ 
stalled  with  sufficient  slope  to  insure  rapid  and  complete  drainage. 

7.  Discharge  and  supply  valves  should  be  of  the  quick-opening- 
type,  of  the  best  quality,  and  must  not  leak. 

8.  Delivery  into  a  compartment  should  be  by  means  of  a  pipe 
connected  to  the  manifold  by  a  swing  joint  or  by  means  of  a  hose 
line  connected  to  the  manifold.  The  delivery  line  should  be  no 
longer  than  necessary  to  extend  about  12  inches  into  the  lowest 
compartment  fill  opening. 
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9.  Adequate  means  should  be  provided  for  draining  away  the 
water  dumped  from  a  compartment  following  a  test,  and  the  over¬ 
flow  from  the  standards  should  be  piped  to  a  drain. 

10.  A  walkway  which  can  be  raised  or  lowered  should  be  pro¬ 
vided  for  access  from  the  working  level  of  the  station  to  the  top 
of  a  vehicle  tank.  Handrails  should  be  provided  for  safety  of  per¬ 
sonnel. 

11.  A  level  concrete  area  should  be  provided  to  accommodate 
the  vehicle  tank  under  test;  this  apron  should  be  long  enough  to 
accept  any  vehicle  tank  in  any  position  required  during  the  test¬ 
ing  operation.  The  depth  of  the  concrete  matt  should  be  great 
enough  to  support  adequately  the  largest  vehicle  tank  apt  to  be 
presented,  when  all  compartments  are  filled  with  water. 

The  number  and  capacities  of  the  standards  to  be  pro¬ 
vided  will  be  determined  by  the  character  of  the  vehicle 
tanks  to  be  tested.  If  transports  are  to  be  tested,  large 
volumes  will  be  involved,  and  large-capacitv  standards 
are  recommended  to  cut  down  on  the  time  required  for  a 
test.  At  the  other  extreme,  if  only  rural  and  small  metro¬ 
politan  vehicle  tanks  will  be  encountered,  relatively  small 
standards  will  be  adequate.  In  planning  the  series  of 
standards,  however,  it  is  suggested  that  future  needs  be 
anticipated  if  possible,  so  that  the  testing  apparatus  may 
be  expected  to  meet  the  requirements  for  a  reasonable 
time  in  the  future. 

As  a  general  plan  it  is  recommended  that  the  largest 
standard  be  duplicated.  This  will  permit  the  filling  of  one 
of  these  standards  while  the  other  is  emptying,  permit¬ 
ting  the  bulk  of  the  delivery  to  be  made  in  a  minimum 
of  time. 

For  a  station  to  accommodate  transports,  it  is  recom¬ 
mended  that  the  single-capacity  standards  have  capacities 
of  500,  500,  300,  (200),  100,  and  50  gallons,  and  that 
these  be  supplemented  by  one  small-diameter,  cylindrical, 
50-gallon  standard  graduated  throughout.  Another  rea¬ 
sonable  series  would  be  400,  400,  (300),  200,  100,  and  50 
gallons,  supplemented  by  a  graduated,  cylindrical,  50- 
gallon  standard.  For  testing  involving  only  medium-  or 
small-sized  vehicle  tanks,  series  of  300,  300,  (200),  100, 
and  50  gallons,  or  200,  200,  100,  and  50  gallons,  supple¬ 
mented  in  each  case  by  a  graduated,  cylindrical  50-gallon 
standard,  should  be  adequate.  In  the  foregoing  series  the 
capacities  shown  in  parentheses  are  desirable,  but  may 
be  omitted.  A  series  of  field  standards — 10,  5,  (4),  3,  (2), 
1,  and  U  gallons — may  be  substituted  for  the  50-gallon 
graduated  standard  at  some  sacrifice  of  speed  and  con- 
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Figure  16.  Twin ,  five-hundred- gallon,  graduated  tanks  for  cali¬ 
brating  vehicle-tank  compartments,  in  testing  station  of  County 
of  Los  Angeles,  Calif . 
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venience.  An  alternative  to  the  series  of  single-capacity 
standards,  which  eliminates  all  use  of  small-capacity 
standards,  is  a  system  comprising  a  pair  of  identical, 
small-diameter,  cylindrical  standards  graduated  through¬ 
out,  having  capacities  of  300,  400,  or  500  gallons.  (See 
fig.  16.)  Objectionable  features  of  the  graduated,  twin- 
tank  system  are  reduced  sensitiveness  (dictated  by  prac¬ 
tical  limitations  on  height),  the  necessity  for  the  operator 
to  climb  up  a  ladder  to  read  the  gage-glass  indications, 
and  the  greater  height  of  the  station  building.  On  the 
other  hand,  the  twin-tank  system  is  thoroughly  versatile, 
it  probably  is  the  simpler  and  faster  to  operate,  and  the 
delivery  lines  can  be  simpler  and  shorter  than  in  the 
system  uti'izing  a  series  of  single-capacity  standards. 

The  inlet  end  of  the  zero-overflow  pipe  of  a  standard 
should  present  a  horizontal  orifice  not  less  than  3  inches 
in  diameter  (although  the  entire  overflow  line  need  not 
be  that  large)  and  should  be  beveled  to  a  sharp  edge,  to 
hasten  leveling-off  of  the  liquid.  The  bottom  of  the  stand¬ 
ard  should  be  sloped  to  the  discharge  valve  to  hasten 
delivery,  and  a  baffle  plate  should  be  installed  to  prevent 
formation  of  a  vortex.  The  large-diameter,  single-capac¬ 
ity  standard  should  have  a  neck  of  reduced  diameter 
(not  over  10  inches)  and  the  capacity  point  should  be  in 
this  neck,  in  order  to  obtain  desired  accuracy;  the  neck 
should  be  equipped  with  a  gage  glass  and  a  scale  carrying 
a  capacity  graduation,  for  a  visual  check  on  proper  fill¬ 
ing.  For  a  twin-tank  installation  it  is  recommended  that 
the  effective  inside  diameter  of  the  cylindrical  tanks  be 
not  greater  than  241/4  inches,  a  diameter  which  will  pro¬ 
duce  a  change  of  height  of  the  liquid  surface  of  14  inch 
per  gallon ;  these  tanks  should  be  equipped  with  overlap¬ 
ping  gage  glasses,  they  should  be  graduated  from  zero 
(at  the  top)  to  capacity  by  half-gallon  subdivisions,  and 
a  capacity  delivery  should  be  automatically  defined  as 
by  complete  emptying  of  the  tank  or  by  delivery  to  the 
level  of  a  fixed  discharge  orifice;  in  the  latter  case  the 
discharge  orifice  should  conform  to  the  specifications 
previously  noted  for  the  zero-overflow  orifice. 

A  50-gallon  graduated  standard  should  be  cylindrical, 
with  an  effective  diameter  not  greater  than  17i/g  inches; 
this  dimension  will  produce  a  change  of  height  of  the 
liquid  surface  of  1  inch  per  gallon,  and  an  overall  gradu¬ 
ated  length  of  50  inches.  The  standard  should  be  equipped 
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with  overlapping  gage  glasses  or  with  a  single  protected 
gage  glass,  and  should  be  graduated  from  zero  (at  the 
top)  to  capacity  by  14-gallon  subdivisions.  In  other  re¬ 
spects  it  should  conform  to  the  specifications  previously 
noted  for  the  tanks  of  a  twin-tank  installation. 

All  of  the  large  standards  discussed  above  should  be 
calibrated  with  water  by  the  measure-out  procedure,  be¬ 
cause  they  will  always  be  used  to  deliver.  A  standard 
30-second  drainage  period  should  be  observed.  In  the  case 
of  the  graduated  standards,  it  will  not  be  necessary  to 
calibrate  the  standard  at  each  graduation,  but  not  less 
than  10  percent,  and  preferably  20  percent,  of  the  grad¬ 
uations  should  be  checked,  and  these  should  be  evenly 
distributed  throughout  the  length  of  the  graduated  scale ; 
when  originally  graduating  such  a  measure,  not  less  than 
10  percent,  and  preferably  20  percent,  of  the  graduations 
should  be  fixed  by  means  of  volumetric  measurements, 
and  the  intervals  between  these  graduations  may  then 
be  graduated  by  proportional  subdivision. 

Instead  of  equipping  a  testing  station  according  to  one 
of  the  systems  discussed  above,  there  may  be  substituted 
for  the  special  standards  described,  a  series  of  provers 
of  conventional  design  similar  to  the  100-gallon  prover 
recommended  in  chapter  13  for  the  testing  of  large- 
capacity  meters.  In  at  least  some  cases,  such  provers 
can  be  purchased  as  “stock”  items  from  firms  specializing 
in  such  apparatus.  For  use  with  these  provers,  fill  lines 
which  are  not  physically  connected  to  the  provers  are 
suggested,  the  amounts  to  be  established  by  means  of  a 
visual  setting  of  the  liquid  surface  to  the  capacity  grad¬ 
uation  of  the  prover.  It  will  be  difficult  to  control  the 
in-flow  from  the  fill  line  within  close  limits;  accordingly 
it  is  suggested  that  a  bleeder  valve  and  small  drain  line 
be  installed  at  the  prover  neck  so  that  the  liquid  surface 
can  readily  be  lowered  to  a  position  of  precise  coincidence 
with  the  capacity  graduation  of  the  prover. 

In  addition  to  the  fixed  water-supply  lines  for  the  fill¬ 
ing  of  the  standards,  a  utility  hose  line  of  perhaps  2-inch 
diameter  should  be  provided.  This  should  not  be  equipped 
with  a  metal  nozzle  unless  the  nozzle  is  grounded  by  a 
metallic  connection  leading  back  through  the  hose.  This 
line  will  be  used  for  the  preliminary  introduction  of  un¬ 
measured  water  into  a  compartment,  and  may  be  useful 
for  other  purposes  around  the  station. 
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As  a  safety  precaution,  portable  inspection  lights  on 
extension  cords  should  not  be  provided  for  use  around  the 
station.  Instead,  electric,  battery-powered  hand  torches 
should  be  provided,  these  to  be  suitable  for  use  in  an 
atmosphere  containing  gasoline.  (Portable  electric  torch, 
Class  1,  Group  D  location,  National  Electrical  Code.)  If 
there  is  any  possibility  of  a  metallic  contact  between  the 
provers  and  their  discharge  line  or  lines  on  the  one  hand 
and  the  vehicle  tank  on  the  other  hand,  the  provers  and 
lines  should  be  bonded  and  the  system  should  be  effec¬ 
tively  grounded.  Even  a  metal  nozzle  on  a  nonconducting 
hose  line  forming  a  link  in  the  prover  delivery  system 
should  be  bonded  back  to  the  metal  provers  and  grounded 
through  them.  Means  should  also  be  provided  for  ground¬ 
ing  a  vehicle  tank  during  its  calibration ;  this  should  con¬ 
sist  of  a  grounded  cable  equipped  with  a  suitable  clamp 
for  attachment  to  the  vehicle  tank. 

In  two  States,  many  of  the  features  of  a  fixed-location 
testing  station  such  as  is  described  above  have  been  in¬ 
corporated  in  mobile  units.  In  one  State  (Florida)  the 


Figure  17.  Mobilie  testing  unit  for  calibrating  vehicle-tank  com¬ 
partments  and  for  testing  vehicle-tank  and  other  large-capacity 
meters,  State  of  Florida. 
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apparatus  is  housed  in  the  closed  body  of  a  special  truck. 
When  set  up  for  use  the  large  standards,  which  are 
provers  of  conventional  design,  are  mechanically  elevated 
to  the  roof  of  the  body  which  becomes  the  working  level 
of  the  unit,  the  water  supply  is  through  a  hose  line  from 
a  fire  plug,  and  delivery  from  the  standards  to  a  vehicle- 
tank  compartment  is  by  gravity  through  hose  lines.  (See 
fig.  17.)  In  the  other  State  (Texas)  the  operating  ar¬ 
rangements  are  similar  but  the  apparatus  is  carried  on 
an  open-body  truck  having  a  platform  which  can  be 
elevated  mechanically  and  on  which  the  standards  are 
mounted.  The  Florida  equipment  (two  identical  units  are 
in  service)  is  used  for  all  compartment  testing.  The  Texas 
equipment  is  used  in  remote  areas  of  the  State  and  sup¬ 
plements  a  number  of  fixed-location  testing  stations. 

Some  jurisdictions  will  find  it  impracticable,  for  one 
reason  or  another,  to  provide  or  utilize  fixed-location  test¬ 
ing  stations,  or  to  provide  elaborate  mobile  units  such 
as  those  described  in  the  preceding  paragraph.  Adequate 
funds  may  not  be  obtainable  or  the  locations  where  work 
is  to  be  done  may  be  very  scattered.  Under  such  condi¬ 
tions  it  is  recommended  that  portable  units  be  designed 
to  retain  as  many  as  practicable  of  the  advantages  of  the 
fixed-location  testing  station.  Water  is  recommended  as 
the  testing  medium.  A  100-gallon  and  a  50-gallon  stand¬ 
ard  should  be  mounted  on  a  truck  and  connected  through 
a  power-operated  pump  with  a  delivery  hose.  The  design 
must  be  such  as  to  permit  thorough  drainage  of  the  de¬ 
livery  line.  The  standards  may  be  of  conventional  prover 
design,  but  the  necks  should  be  equipped  with  bleeder 
valves  to  permit  precise  settings  of  the  liquid  surface. 
Filling  of  the  standards  is  to  be  accomplished  by  hose 
line  from  a  fire  plug  or  other  source  of  water  supply.  A 
complement  of  small-capacity  standards  must  be  pro¬ 
vided;  standards  having  capacities  of  5,  (4),  3,  (2),  1, 
and  V-2  gallons  are  recommended.  It  will  be  advisable  to 
provide  means  for  grounding  the  large-capacity  standards 
during  use.  In  using  this  equipment  to  calibrate  a  com¬ 
partment  a  measure-in  procedure  is  followed. 

An  alternative  form  of  simple,  portable  equipment 
comprises  standards  of  the  same  capacities  as  those  rec¬ 
ommended  in  the  preceding  paragraph,  but  the  50-gallon 
and  100-gallon  standards  are  intended  to  be  removed  from 
the  carrying  vehicle  and  positioned  to  receive  gravity 
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deliveries  direct  from  the  delivery  faucets  of  the  vehicle 
tank.  These  standards  must,  therefore,  be  of  special,  low 
design.  For  this  form  of  equipment  no  pump  is  required. 
In  use,  the  vehicle-tank  compartments  are  filled  with 
water,  and  the  contents  of  each  compartment  is  then 
measured-out. 

The  use  of  meters  for  the  calibration  of  vehicle-tank 
compartments  is  not  recommended  as  standard  procedure, 
because  in  such  use  the  meter  is  a  “secondary”  standard.15 

Testing  Apparatus  for  Vehicle-Tank  Meters. — A  much 
smaller  variety  of  apparatus  is  required  for  meter  testing 
than  for  compartment  calibration.  The  testing  of  meters 
operated  by  pump  pressure  involves  the  same  character 
of  apparatus  as  has  been  recommended  in  chapter  13  for 
the  testing  of  other  large-capacity  meters.  Vehicle-tank 
meter  installations,  however,  will  not  be  encountered  with 
the  high  gpm  ratings  of  some  fixed-location  meters,  and 
testing  drafts  of  100  gallons  will  ordinarily  be  adequate 
for  the  testing  of  meters  on  vehicle  tanks. 

As  a  mobile  unit  for  testing  of  all  ordinary  pump- 
operated  meters  on  vehicle  tanks,  the  100-gallon  prover 
previously  prescribed  10  for  meter  testing  is  recommended. 
Unusually  large  meters  may  occasionally  be  encountered 
on  vehicle  tanks;  if  in  normal  operation  the  meter  dis¬ 
charge  rate  exceeds  100  gpm,  the  test  should  be  conducted 
with  a  prover  of  a  capacity  equivalent  to  at  least  one  min¬ 
ute’s  discharge  from  the  meter. 

For  the  testing  of  gravity  meters  on  vehicle  tanks, 


13  In  those  cases  in  which  it  is  found  necessary  or  expedient  to  use  a  meter 
as  a  secondary  standard  for  the  calibration  of  vehicle-tank  compartments,  certain 
precautions  should  be  observed,  as  follows : 

( 1 )  The  testing  medium  should  be  a  suitable  petroleum  product,  such  as  a 
light  fuel  oil ;  water  should  not  be  used  as  a  testing  medium. 

(2)  The  meter  should  be  initially  calibrated  and  adjusted  with  the  same  test¬ 
ing  medium  as  will  be  used  for  compartment  calibration,  and  under  controlled, 
standard  conditions  of  operating  pressure  and  rate  of  flow  duplicating  those 
which  will  prevail  during  the  use  of  the  meter  for  compartment  calibration. 

(3)  For  all  calibrations  and  check  tests  of  the  meter,  an  accurate  prover 
should  be  utilized. 

(4)  Immediately  before  and  after  each  uninterrupted  series  of  compartment 
calibrations  made  with  the  meter,  a  check  test  of  the  meter  should  be  made, 
under  the  standai'd  conditions  specified  in  (2),  and  utilizing  a  testing  draft 
equal  to  at  least  the  amount  delivered  by  the  meter  in  one  minute  under  the 
standard  conditions  specified  in  (2),  and  in  any  case  not  less  than  50  gallons. 

(5)  Insofar  as  practicable,  the  standard  conditions  of  operating  pressure  and 
rate  of  flow  should  be  maintained  during  all  use  of  the  meter  for  compartment 
calibration,  and  throughout  each  individual  calibrating  operation  every  effoi-t 
should  be  made  to  avoid  changes  in  the  temperature  of  the  testing  medium. 


See  pp.  118-125. 
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commercial  operating  conditions  should  be  approximated 
in  the  testing  operation.  This  requires  that  the  end  of  the 
delivery  line  from  the  meter  be  at  a  height  corresponding 
to  its  position  when  inserted  in  the  fill  pipe  of  an  under¬ 
ground  storage  tank  at  a  filling  station.  It  is  not  a  fair 
test  of  a  gravity  meter  to  operate  it  under  a  reduced 
negative  head,17  as  by  elevating  the  end  of  the  delivery 
line  above  its  ‘‘normal-use”  position,  or  under  an  in¬ 
creased  negative  head,  as  by  lowering  the  end  of  the  de¬ 
livery  line  below  its  normal-use  position.  It  follows  that 
even  the  lowest  design  of  prover  is  not  suitable  for  use 
in  testing  gravity  meters  when  set  on  the  surface  on 
which  the  vehicle-tank  stands.  The  prover  should  be  so 
positioned  as  to  accept  the  end  of  the  meter  delivery  line 
at  a  level  corresponding  to  that  on  which  the  vehicle  tank 
is  standing. 

For  mobile  service,  if  a  considerable  number  of  small- 
capacity  gravity  meters  are  to  be  tested,  operating  time 
will  be  saved  by  providing  a  50-gallon  prover  for  such 
work.  For  general  mobile  service,  however,  the  100-gallon 
prover  is  recommended.  It  is  to  be  noted  that  the  special 
mobile  units  of  Florida  and  Texas,  previously  mentioned 
under  the  discussion  of  apparatus  for  compartment  cali¬ 
bration,  carry  provers  which  are  suitable  in  design  and 
capacity  for  the  testing  of  vehicle-tank  meters. 

AH  mobile  provers  for  vehicle-tank-meter  testing  should 
be  of  conventional  type,  that  is,  with  graduated  necks, 
and  should  be  equipped  with  pumps  operated  by  explosion- 
proof  electric  motors,  and  means  for  grounding  the  prover 
during  use.  Such  provers  should  be  calibrated  under  the 
procedure  previously  specified  18  for  portable  provers. 

To  equip  the  fixed-location  testing  station  for  meter 
testing,  one  or  two  provers  of  conventional  design  should 
be  installed  on  a  low  level  such  that  the  top  edge  of  the 
splash  dome  of  each  is  approximately  at  the  level  of  the 
apron  on  which  the  vehicle  tank  is  intended  to  stand. 
The  provers  should  be  close  enough  to  the  normal  posi¬ 
tion  of  the  vehicle  tank  on  the  apron  so  that  the  cus- 

17  The  term  “negative  head”  means  the  pull  exerted  by  a  solid  column  of  liquid 
on  the  discharge  side  of  a  meter,  which  produces  the  same  kind  of  effect  on 
the  operating  characteristics  of  the  meter  as  the  normal  or  positive  head  of 
liquid  on  the  inlet  side  of  the  meter.  Thus,  disregarding  such  factors  as  friction 
losses,  if  the  outlet  end  of  the  discharge  line  is  3  feet  below  the  meter  and 
the  meter  is  being  operated  with  the  discharge  line  solidly  filled  to  its  outlet,  the 
effect  is  essentially  the  same  as  though  the  meter  were  discharging  at  meter 
level  and  the  head  of  liquid  on  the  inlet  side  were  increased  by  3  feet. 

18  See  pp.  123-124. 
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tomary  short  delivery  hose  for  gravity-meter  installa¬ 
tions  will  reach  either  prover.  The  provers  will  thus  be 
suitably  positioned  for  the  testing  of  both  pump-operated 
and  gravity  meters.  The  discharge  line  from  the  provers 
should  be  manifolded  and  the  manifold  should  be  con¬ 
nected  with  a  power-operated  pump  driven  by  an  explo¬ 
sion-proof  electric  motor.  The  discharge  line  from  the 
pump  should  be  piped  to  a  height  above  the  level  of  the 
highest  compartment  fill  openings  and  should  terminate 
in  a  hose  line  15  or  20  feet  long  to  permit  discharge  into 
any  desired  compartment.  The  delivery  line  from  the 
pump  must  be  equipped  with  a  draw-off  valve  at  its  lowest 
point  so  that  at  the  conclusion  of  operations  the  entire 
line  may  be  thoroughly  drained.  The  discharge  valve  from 
the  prover  must  not  leak  in  either  direction. 

Since  gasoline  meters  will  be  tested  with  gasoline,  ade¬ 
quate  provision  must  be  made  for  ventilation  around  the 
prover  installation  in  the  testing  station.  Adequate  ex¬ 
plosion-proof  lighting  fixtures,  adequate  working  room 
around  the  provers,  means  for  ready  personnel  access  to 
and  escape  from  the  prover  working  level,  and  strate¬ 
gically  placed  fire  extinguishers  of  a  type  suitable  for 
controlling  gasoline  fires  should  also  be  provided.  If  at 
all  practicable,  a  pit  closed  on  all  four  sides  should  be 
avoided,  and  construction  having  at  least  one  open  side 
should  be  designed,  for  purposes  of  maximum  safety  for 
equipment  and  personnel. 

At  least  one  100-gallon  prover  should  be  provided,  in 
the  testing  station.  Gravity  meters  of  the  smaller  sizes 
can  be  tested  satisfactorily  with  50-gallon  test  drafts,  so 
some  time  can  be  saved  if  a  50-gallon  prover  is  provided 
for  this  purpose.  The  provers  should  be  grounded.  The 
same  calibration  procedure  should  be  observed  for  the 
provers  as  has  been  specified  l:'  for  portable  provers. 

Testing  Procedure — General  Co)iside)‘ations. — The  tol¬ 
erances  prescribed  in  the  code  for  vehicle  tanks  as  ap¬ 
plicable  to  vehicle-tank  compartments  seem  not  to  be 
thoroughly  understood,  and  it  is  believed  advisable  to 
discuss  these  briefly  before  considering  details  of  test 
procedure.  Two  points  are  involved,  the  magnitude  of  the 
tolerance  values,  and  how  and  when  tolerances  should  be 
applied. 

In  the  code  these  tolerances  are  set  up,  in  table  1,  for 

1!'  See  pp.  123-124. 


Vehicle  Tanks 


179 


“vehicle-tank  compartments  used  as  measures”,  and  two 
sets  of  values  are  given,  one  to  be  applied  “on  first  test”, 
and  the  other  to  be  applied  “on  subsequent  test”.  These 
two  sets  of  values  correspond,  respectively,  to  the  “ac¬ 
ceptance”  and  the  “maintenance”  tolerances  found  in 
other  codes.  Some  officials  have  criticized  the  tolerance 
values  for  vehicle-tank  compartments  as  being  unneces¬ 
sarily  large.  In  examining  this  criticism  a  comparison  of 
the  tolerance  values  expressed  as  percentages  of  their 
associated  compartment  capacities,  with  similar  data  for 
two  other  classes  of  equipment,  should  be  helpful. 

For  vehicle-tank  compartments,  the  tolerance  on  first 
test  of  4  pints  on  400  gallons  represents  0.13  percent  and 
the  tolerance  of  7  pints  on  1,000  gallons  represents  0.09 
percent.  For  retail  liquid-measuring  devices  the  accept¬ 
ance  tolerance  of  1.5  cubic  inches  on  1  gallon  represents 
0.65  percent  and  the  acceptance  tolerance  of  6  cubic 
inches  on  10  gallons  represents  0.26  percent.  For  whole¬ 
sale  meters,  on  “normal”  test,  the  acceptance  tolerance 
of  25  cubic  inches  on  50  gallons  represents  0.20  percent 
and  the  acceptance  tolerance  of  262.5  cubic  inches  on 
1,000  gallons  represents  0.11  percent.  Considering  the 
compartment  tolerances  “on  subsequent  test”  and  the 
maintenance  tolerances  for  liquid-measuring  devices,  the 
compartment  tolerance  of  2  quarts  on  200  gallons  repre¬ 
sents  0.25  percent,  and  the  tolerance  of  6  quarts  on  1,000 
gallons  represents  0.15  percent;  for  retail  liquid-measur¬ 
ing  devices,  the  tolerance  of  3  cubic  inches  on  1  gallon 
represents  1.30  percent,  and  the  tolerance  of  12  cubic 
inches  on  10  gallons  represents  0.52  percent;  and  for 
wholesale  meters,  the  tolerance  of  50  cubic  inches  on  50 
gallons  represents  0.40  percent,  and  the  tolerance  of  525 
cubic  inches  on  1,000  gallons  represents  0.23  percent. 
These  comparisons  indicate  that  compartment  tolerances 
are  not  excessive  with  respect  to  the  tolerances  for  other 
devices  for  measuring  petroleum  products;  in  all  of  the 
examples  given,  the  percentage  compartment  tolerances 
are  the  smallest. 

The  second  point  involves  the  application  of  compart¬ 
ment  tolerances,  and  here  considerable  confusion  seems 
to  have  arisen.  These  tolerances  are  set  up,  as  in  the  case 
of  other  types  of  measuring  devices,  upon  the  presump¬ 
tion  that  the  devices  to  which  they  apply  will  be  sub¬ 
mitted  in  finished  form  for  examination  by  the  weights 
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and  measures  official.  Specifically,  the  presumption  is  that 
the  compartments  will  have  been  calibrated,  the  indicators 
fixed  in  position,  and  the  required  marking  of  compart¬ 
ment  capacities  supplied,  by  the  manufacturer  or  by  the 
owner  of  the  vehicle  tank,  before  the  vehicle  tank  is  sub¬ 
mitted  for  official  examination.  Upon  this  presumption, 
the  official  examination  is  for  the  purpose  of  verifying  a 
calibration  previously  made  by  someone  else.  In  such  a 
case,  tolerances  are,  of  course,  necessary,  and  the  “first 
test”  tolerances  apply.  Also,  it  is  anticipated  that  the  offi¬ 
cial  will  be  called  upon  from  time  to  time  to  verify  the 
continued  accuracy  of  compartment  capacities,  recalibrat¬ 
ing  compartments  which  he  or  some  other  weights  and 
measures  official  has  calibrated  at  some  earlier  time;  for 
these  cases  the  “subsequent  test”  tolerances  apply.  In  both 
instances  the  tolerance  is  applied  to  the  compartment  er¬ 
ror  as  found,  that  is,  to  the  difference  between  the  marked 
capacity  of  the  compartment  and  the  compartment  ca¬ 
pacity  as  determined  by  the  official's  calibration.  The 
tolerances  establish  the  limits  of  permissible  error ;  if  the 
errors  are  found  to  exceed  the  appropriate  limits,  the 
commercial  use  of  the  compartments  as  measures  is  not 
to  be  permitted  until  adjustments  are  made  or  the  com¬ 
partment  capacities  are  re-marked. 

Should  the  official  see  fit  to  “adjust”  a  compartment  by 
resetting  the  indicator  or  re-marking  the  capacity,  either 
upon  request  of  the  owner  or  upon  his  own  initiative, 
no  question  of  tolerances  is  involved.  In  this  case  the 
“adjustment”  should  be  made  to  produce  as  nearly  as 
practicable  a  zero  error — the  resetting  of  the  indicator 
should  be  done  as  accurately  as  may  be,  or  the  new  mark¬ 
ing  should  represent  the  true  capacity  of  the  compart¬ 
ment  according  to  the  best  value  which  the  official  can 
determine.  The  same  procedure  should  be  followed  in 
those  cases  where  the  official  is  called  upon  to  establish 
the  initial  value  for  the  compartment  capacity  or  to  set 
the  indicator  initially  to  the  proper  position  for  the  com¬ 
partment  capacity  desired ;  no  question  of  tolerance  is 
here  involved,  and  no  tolerances  are  made  use  of. 

Whether  or  not  the  official  is  to  make  “adjustments” 
on  vehicle-tank  compartments  or  is  to  assume  responsi¬ 
bility  for  original  settings  of  indicators  or  marking  of 
compartment  capacities,  are  matters  for  administrative 
decision.  Such  actions  are  clearly  permissible  under  the 
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code.  At  the  same  time,  the  code  recognizes  the  situation 
in  which  the  official  does  not  wish  to  take  such  actions, 
and  it  is  for  this  situation  that  tolerances  are  required 
and,  accordingly,  prescribed  in  the  code. 

In  general  relation  to  compartment  calibrations,  it  may 
be  said  that  the  test  procedures  which  will  be  discussed 
below  are  based  upon  the  use  of  water  as  a  testing 
medium.  Water  is  now  used  for  this  purpose  in  the  large 
majority  of  jurisdictions  which  are  active  in  vehicle-tank 
compartment  calibration,  and  its  use  appears  to  have 
been  entirely  satisfactory.  If  a  jurisdiction  elects,  how¬ 
ever,  to  use  light  fuel  oil  as  a  testing  medium,  as  is  per¬ 
missible  under  the  code,  such  modifications  of  the  recom¬ 
mended  procedures,  and  such  additional  equipment  as  are 
necessary  to  adapt  to  the  use  of  fuel  oil,  should  be  obvious, 
and  these  will  not  be  mentioned  in  the  discussion. 

In  general  relation  to  vehicle-tank-meter  testing,  some 
comments  are  in  order.  One  important  factor  is  the  test¬ 
ing  medium.  A  meter  should  always  be  tested  with  the 
same  kind  of  liquid,  or  with  liquid  having  the  same  gen¬ 
eral  physical  characteristics,  as  the  liquid  to  be  commer¬ 
cially  measured  by  the  meter.  The  reason  for  this  is  that 
the  performance  characteristics  of  a  meter  may  not  be 
the  same  with  liquids  of  different  physical  character¬ 
istics,  particularly  different  viscosities.  Officials  have  been 
known  to  test  gasoline  meters  with  fuel  oil,  and  then  to 
compute  what  the  performance  would  be  when  the  meter 
is  used  to  measure  gasoline,  by  applying  a  correction 
factor  to  the  results  of  the  test  made  with  fuel  oil.  It  is 
not  believed  that  final  results  under  this  procedure  can 
be  consistently  accurate,  because  what  might  be  a  cor¬ 
rect  differential  for  one  particular  meter  could  be  seri¬ 
ously  in  error  for  another  meter  of  a  different  construc¬ 
tion  or  in  a  different  state  of  mechanical  condition.  It  is 
believed,  therefore,  that  this  procedure  can  not  be  relied 
upon  to  establish  the  performance  of  meters  when  they 
are  used  to  measure  gasoline.  Similarly,  it  is  not  safe  to 
assume  or  compute  the  performance  of  a  meter  for  the 
measurement  of  fuel  oil,  upon  the  basis  of  test  results 
obtained  with  gasoline.  Specifically,  therefore,  a  meter  to 
be  used  for  measuring  gasoline  should  be  tested  with 
gasoline,  and  a  meter  to  be  used  for  measuring  fuel  oil 
should  be  tested  with  fuel  oil.  If  a  meter  is  intended  to 
be  used  interchangeably  for  measuring  gasoline  and  fuel 
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oil,  it  should  be  tested  with  gasoline  and  with  fuel  oil, 
and  it  should  be  approved  for  such  dual  use  only  if  all  the 
errors  developed  when  it  is  separately  tested  with  each 
testing  medium  are  within  the  applicable  tolerances. 

The  testing  draft  for  a  vehicle-tank  meter,  as  has  al¬ 
ready  been  mentioned,  “should  be  equal  to  at  least  the 
amount  delivered  by  the  meter  in  one  minute  at  its  maxi¬ 
mum  discharge  rate”,  and  the  code  prescribes  that  this 
“shall  in  no  case  be  less  than  50  gallons”.  The  factor  of 
discharge  rate  is  also  involved  in  the  application  of  toler¬ 
ances.  The  code  states  that  the  “normal”  test  of  a  meter 
“shall  be  made  at  the  maximum  rate  permitted  by  the 
installation”.  It  is  further  prescribed  that  a  “special” 
test  of  a  meter  shall  be  made  at  a  slow  rate  correspond¬ 
ing  to  not  less  than  15  gallons  per  minute  for  a  meter 
smaller  than  2  inches  in  rated  size,  or  corresponding  to 
not  less  than  one-fifth  of  the  maximum  discharge  rate 
marked  on  the  meter  in  the  case  of  a  meter  2  inches  or 
over  in  rated  size,  or,  for  a  meter  of  any  size,  correspond¬ 
ing  to  the  minimum  discharge  rate  marked  on  the  meter 
if  this  value  is  smaller  than  the  value  previously  speci¬ 
fied. 

The  official  may  be  in  doubt  as  to  the  proper  discharge 
rates  to  be  observed  when  testing  vehicle-tank  meters. 
With  respect  to  both  the  “maximum  rate  permitted  by  the 
installation”,  as  prescribed  for  the  “normal”  test,  and 
the  slow  rate  prescribed  as  a  part  of  the  “special”  test, 
the  language  of  the  code  should  be  interpreted  reasonably 
and  with  due  regard  to  the  installation  and  operating 
conditions  of  vehicle-tank  meters. 

For  a  gravity  meter,  the  normal  test  must  be  made  in 
two  parts,  with  the  discharge  valve  wide  open  in  each 
case.  The  first  test  draft  is  made  from  the  largest  com¬ 
partment  of  the  vehicle  tank,  this  compartment  being 
full  at  the  start  of  the  delivery;  the  greatest  positive 
head,  and  consequently  the  greatest  discharge  rate,  will 
thus  be  realized.  The  second  test  draft  is  made  from  a 
compartment  containing  only  a  few  gallons  more  than 
the  nominal  amount  of  the  delivery — that  is,  only  a  few 
gallons  more  than  the  capacity  of  the  prover  being  utilized 
— so  that  there  will  be  reproduced  the  minimum  positive 
head  which  may  be  encountered  in  commercial  use  of  the 
meter.  On  both  of  these  normal  tests,  the  normal-test  tol¬ 
erance  applies. 
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A  “special”  slow  test  is  relatively  unimportant  for  a 
gravity  vehicle-tank  meter,  but  such  a  test  is  permissible 
under  the  code,  and  if  made  it  should  be  conducted  with¬ 
in  the  limitations  as  to  discharge  rates  which  are  speci¬ 
fied  in  the  code.  It  may  be  mentioned  in  this  connection, 
however,  that  these  limitations  do  not  apply  to  the  second 
normal  test  recommended  in  the  preceding  paragraph; 
that  test  is  to  be  made  as  specified,  regardless  of  the  re¬ 
sulting  discharge  rate. 

All  tests  of  a  gravity  meter  should  be  made,  as  pre¬ 
viously  recommended,  under  conditions  which  will  pro¬ 
duce  a  normal-use  negative  head,  that  is,  with  the  dis¬ 
charge  end  of  the  delivery  hose  approximately  at  the 
roadway  level. 

For  a  pump-operated  vehicle-tank  meter,  the  normal, 
or  fast,  test  should  be  made  at  the  maximum  rate  per¬ 
missible  through  operation  of  the  special  pump  controls 
provided.  If  no  such  special  controls  are  provided,  and  if 
there  is  a  stop  on  the  hand  throttle  of  the  truck  engine 
to  prevent  pump  operation  at  excessive  speed,  the  engine 
speed  for  the  normal  test  should  be  that  produced  with 
the  throttle  opened  to  the  stop.  If  no  pump  control  of  any 
kind  is  provided,  it  will  be  appropriate  for  the  official 
to  insist  that  one  be  provided.  In  the  absence  of  such  a 
control  the  official  should  not  race  a  truck  engine  to  pro¬ 
duce  an  abnormally  high  speed  of  pump  operation ;  pend¬ 
ing  the  installation  of  a  suitable  control,  “fast”  opera¬ 
tion  should  be  at  a  reasonable  rate  mutually  agreed  upon 
between  official  and  truck  operator.  Arriving  at  the  proper 
rate  for  a  slow  test  of  a  pump-operated  meter  offers  no 
difficulties. 

It  may  be  mentioned  parenthetically  that  a  vehicle- 
tank  meter  should  not  be  operated  to  deliver  at  a  rate  in 
excess  of  the  maximum  rate  marked  on  the  meter.  If  the 
official  encounters  an  installation  in  which  the  pump  con¬ 
trols  are  so  established  that  when  the  pump  is  operated 
at  the  maximum  speed  permitted  by  such  controls  the 
discharge  rate  of  the  meter  is  greater  than  its  marked 
maximum  rate,  it  will  be  appropriate  for  him  to  call  this 
situation  to  the  attention  of  the  vehicle-tank  owner  as  in 
violation  of  general  regulation  G-R.5.,  and  to  require  such 
modification  of  the  installation  as  is  necessary  to  avoid 
misuse  of  the  meter. 

It  should  be  emphasized  that  whenever  a  delivery  is 
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“throttled  down”  to  produce  a  slow  flow,  the  valve  used 
for  this  purpose  should  be  the  discharge  valve  located 
on  the  discharge  side  of  the  meter.  Any  valve  on  the  inlet 
side  of  the  meter  in  the  supply  line  being  utilized  should 
be  fully  opened  during  commercial  use  and  during  test. 

The  code  provides  that  “special”  tests,  in  addition  to 
those  at  slow  rate,  shall  be  made  as  circumstances  require 
“to  develop  the  operating  characteristics  of  a  meter  and 
the  operating  elements  associated  therewith”.  The  refer¬ 
ence  to  operating  elements  associated  with  the  meter  is 
particularly  to  the  air  eliminator  and  the  valves  on  the 
inlet  side  of  the  meter  through  which  connection  is  made 
to  one  or  another  of  the  compartments.  The  air  eliminator 
should  be  capable  of  removing  the  air  which  might  be 
introduced  (1)  when  the  valve  from  an  empty  compart¬ 
ment  is  opened  while  delivery  is  being  made  from  a  com¬ 
partment  containing  liquid,  (2)  when  the  operation  is 
continued  after  the  liquid  is  exhausted  from  a  compart¬ 
ment,  and  (3)  when  a  normal  “switch-over”  is  made 
from  a  compartment  which  has  been  emptied  to  another 
compartment  containing  liquid.  If  condition  (1)  is  not 
met  satisfactorily,  a  larger  or  more  efficient  air  elimi¬ 
nator,  or  selective  valve  controls,  are  indicated  as  neces¬ 
sary.  Tests  to  determine  performance  under  these  condi¬ 
tions,  and  any  others  which  might  result  in  short-measure 
deliveries,  shall  be  made  by  the  official  as  a  part  of  his 
“special”  tests  of  a  meter  “as  circumstances  require”.  The 
details  of  such  special  tests  are  not  spelled  out  in  the 
code,  nor  will  they  be  further  described  in  this  discussion. 

It  should  be  noted  that  on  all  “special”  tests  the  special- 
test  tolerances  apply,  and  that  these  have  the  same  values 
on  both  acceptance  and  maintenance  tests. 

Testing  Procedure — Compartment  Calibration. — Test¬ 
ing  procedure  will  first  be  discussed  upon  the  assumption 
that  the  calibration  is  to  be  made  at  a  “testing  station” 
as  described  earlier  in  this  chapter,  and  that  the  vehicle 
tank  to  be  calibrated  is  equipped  with  emergency  valves. 

The  vehicle  tank  should  reach  the  station  with  its  com¬ 
partments  empty.  The  vehicle  should  be  spotted  on  the 
level  apron  in  a  position  to  receive  into  its  forward  com¬ 
partment  the  discharge  from  the  standards.  The  ground 
connection  should  then  be  made  to  the  vehicle  tank.  The 
fill  caps  and  the  emergency  valves  of  all  compartments 
should  then  be  opened,  and  about  10  gallons  of  water 
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should  be  run  into  each  compartment,  using  the  utility 
hose  line,  which  is  not  connected  with  the  standards ; 
during  this  operation  the  walls  of  the  compartments 
should  be  thoroughly  “wetted”.  Assuming  that  two  in¬ 
spectors  are  on  duty  at  the  station,  one  may  now  proceed 
to  fill  with  water  such  of  the  standards  as  are  expected 
to  be  used  in  the  calibration.  The  other  inspector  will 
draw  from  each  compartment,  and  discard,  several  gal¬ 
lons  of  water,  in  order  to  fill  these  delivery  lines  with 
water.  All  emergency  valves  will  then  be  closed.  Using 
small  field  standards,  as  required,  the  capacity  of  the 
delivery  line  from  each  compartment  will  be  separately 
determined  by  drawing  off  and  measuring  the  water 
which  it  contains,  and  these  values  will  be  recorded.  (This 
withdrawal  operation  will  be  a  slow  one  because  air  to 
replace  the  liquid  in  the  line  must  work  into  the  line  from 
the  faucet;  ample  time  should  be  allowed  for  complete 
drainage  of  the  line.)  All  emergency  valves  will  then  be 
opened  and  the  water  remaining  in  each  compartment 
will  be  drawn  off  and  discarded.  All  emergency  valves 
will  then  be  closed. 

At  this  point  a  visual  inspection  of  each  compartment 
should  be  made  to  determine  whether  or  not  any  water 
remains  in  any  compartment ;  use  only  the  safety  electric 
torch  to  illuminate  the  compartment.  If  water  is  found 
to  be  trapped  in  any  compartment,  the  code  requirement 
for  complete  drainage  is  not  met  (see  specification 
S.10.6.)  and  the  vehicle  tank  may  be  rejected  until  this 
condition  is  corrected.  If  the  compartments  are  found 
to  have  drained  properly,  the  actual  calibration  of  the 
compartments  will  then  be  carried  out. 

Compartments  should  be  completely  calibrated  one  at 
a  time.  For  verification  of  a  previous  calibration  the  fol¬ 
lowing  procedure  is  recommended.  From  the  appropriate 
standard  a  delivery  into  the  forward  compartment  is 
made.  If  the  station  is  equipped  with  a  series  of  single¬ 
capacity  standards,  the  first,  as  well  as  each  subsequent, 
delivery  from  such  a  standard  should  be  one  which  can 
be  completely  accepted  by  the  compartment;  the  final 
delivery  should  be  from  the  graduated  standard.  Inspec¬ 
tion  of  the  liquid  level  in  the  compartment  will  enable 
the  inspector  to  determine  in  each  case  which  standard 
to  use  for  the  next  delivery  into  the  compartment.  When 
making  the  final  delivery  into  the  compartment  to  bring 
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the  liquid  level  to  the  bottom  of  the  compartment  indi¬ 
cator,  care  should  be  exercised  to  avoid  running  in  more 
than  the  proper  amount  of  water. 

At  this  point,  with  a  container  in  position  to  receive 
any  discharge,  the  delivery  faucet  from  the  forward  com¬ 
partment  should  be  opened  to  check  on  possible  leakage 
from  the  compartment  through  the  emergency  valve  into 
the  delivery  line.  Any  liquid  that  may  have  leaked  into 
the  line  is  part  of  the  measured  volume  that  is  supposed 
to  be  in  the  compartment,  and  should  be  withdrawn  from 
the  line,  measured,  and  corrected  for.  A  leaking  emer¬ 
gency  valve  violates  general  regulation  G-R.2.,  and  should 
be  repaired  or  renewed. 

Having  determined  and  recorded  the  capacity  of  the 
compartment  when  properly  filled  to  the  indicator,  it  can 
readily  be  determined  whether  or  not  the  appropriate 
tolerance  requirement  is  met.  If  it  should  be  decided  to 
reset  the  indicator  to  agree  with  the  marked  capacity  of 
the  compartment,  this  should  be  done  at  once,  the  correct 
amount  of  water  being  added  or  removed  depending  upon 
whether  the  marked  capacity  is  greater  or  less  than  the 
determined  capacity,  and  the  indicator  being  repositioned 
in  relation  to  the  new  liquid  level.  If  it  should  be  decided 
to  re-mark  the  capacity  of  the  compartment  to  agree 
with  the  determined  capacity,  the  actual  re-marking 
should  be  deferred  until  all  of  the  compartments  have 
been  calibrated. 

For  record  purposes,  and  purposes  of  subsequent  field 
checking,  the  vertical  distance  from  the  bottom  of  the 
indicator  upward  to  some  definable  point  of  an  element 
which  is  permanently  attached  to  the  tank  (such  as  the 
top  edge  of  a  permanently  attached  dome  or  a  manhole 
ring)  should  next  be  determined  to  the  nearest  Go  inch, 
and  recorded.  (Such  a  measurement  made  to  a  removable 
element,  such  as  a  manhole  cover  that  may  be  inter¬ 
changed  or  that  may  be  regasketed,  serves  no  useful  pur¬ 
pose.) 

The  next  step  is  to  determine  the  sensitiveness,  as  re¬ 
quired  by  specification  S.10.4.  This  may  be  done  with 
sufficient  precision  by  determining  the  amount  of  water 
required  to  be  added  to  raise  the  liquid  level  in  the  com¬ 
partment  by  inch;  if  one-sixth  of  the  amount  so  added 
is  not  more  than  the  tolerance  “on  first  test”  for  a  com¬ 
partment  of  the  capacity  of  the  one  being  calibrated,  the 
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sensitiveness  requirement  may  be  assumed  to  have  been 
met. 

The  next  step  is  to  determine  if  the  expansion-space 
requirement  of  specification  S.10.4.  is  complied  with.  This 
is  done  by  (1)  determining  the  additional  amount  of 
water  required  to  be  added  to  the  compartment  to  fill  it 
completely,  (2)  adding  to  this  figure  the  figure  represent¬ 
ing  the  amount  of  water  added  to  the  compartment  in  the 
test  for  sensitiveness,  and  (3)  determining  by  computa¬ 
tion  that  this  total  figure  is  at  least  three-fourths  of  one 
percent  of  the  capacity  of  the  compartment  when  this 
was  filled  to  the  indicator.  The  adjacent  empty  compart¬ 
ment  should  then  be  checked  to  detect  any  leakage  from 
the  filled  compartment. 

During  the  operations  involved  in  the  foregoing  pro¬ 
cedure,  each  single-capacity  standard  utilized  should  be 
drained  for  30  seconds  each  time  it  is  emptied,  after 
which  its  discharge  valve  should  be  closed.  If  a  standard 
that  has  been  emptied  is  to  be  used  again,  time  will  be 
saved  by  refilling  it  while  another  standard  is  being 
emptied. 

If,  inadvertently,  more  than  the  desired  amount  of 
water  is  run  into  a  compartment  during  a  calibration,  the 
excess  may  be  drawn  off.  For  this  operation  the  emer¬ 
gency  valve  is  opened,  a  sufficient  amount  is  withdrawn 
through  the  delivery  faucet,  the  emergency  valve  is 
closed,  and  the  delivery  line  is  then  completely  drained. 
All  water  so  removed  may  be  measured  and  accounted 
for;  this  would  be  done  if  the  amount  withdrawn  from 
the  compartment  were  such  as  to  produce  exactly  the 
desired  compartment  indication.  On  the  other  hand,  if  the 
delivery  to  the  compartment  is  being  made  from  the  grad¬ 
uated  standard,  more  than  the  necessary  amount  can  be 
withdrawn  from  the  compartment,  all  of  the  liquid  with¬ 
drawn  can  be  returned  to  the  standard  from  which  de¬ 
livery  was  being  made,  and  the  delivery  can  then  be  re¬ 
sumed  from  the  standard  to  the  compartment  as  in  the 
original  instance. 

The  calibration  of  the  forward  compartment  having 
been  completed,  the  water  is  left  in  the  compartment  until 
all  remaining  compartments  have  been  calibrated.  The 
vehicle  is  advanced,  if  necessary,  to  bring  the  fill  opening 
of  the  next  compartment  into  position  to  receive  a  de¬ 
livery  from  the  standards.  Following  the  same  procedure 
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as  has  been  outlined  for  the  calibration  of  the  forward 
compartment,  the  next  compartment  toward  the  rear  is 
calibrated.  When  this  calibration  is  completed  the  water 
is  left  in  the  compartment  and  the  next  compartment  in 
order  is  calibrated,  and  these  operations  are  continued 
until  all  compartments  have  been  calibrated. 

The  level  of  the  water  in  all  compartments  to  the  rear 
of  the  forward  compartment  should  next  be  noted,  after 
which  the  contents  of  the  forward  compartment  should 
be  dumped.  The  liquid  level  in  the  remaining  compart¬ 
ments  should  then  be  checked  for  any  change  that  might 
have  occurred  as  a  result  of  distortion  of  the  bulkhead 
between  the  two  forward  compartments.  Specification 
S.l.  requires  that  no  such  distortion  shall  be  permitted. 
The  contents  of  the  next  compartment  is  then  dumped, 
and  again  the  liquid  level  in  each  of  the  remaining  com¬ 
partments  is  checked.  This  operation  is  continued  until 
all  compartments  are  emptied.  It  should  be  noted  in  this 
relation  that  if,  as  compartments  are  successively  filled 
in  the  course  of  the  calibration,  the  water  level  in  the 
filled  compartment  adjacent  to  the  one  being  calibrated 
is  caused  to  rise  or  that  compartment  is  caused  to  over¬ 
flow,  this  is  positive  indication  of  a  springing  bulkhead 
between  the  two  compartments.  When  such  a  condition 
is  found  to  exist,  the  calibration  may  properly  be  discon¬ 
tinued  and  the  vehicle  tank  rejected  for  repair. 

Any  adjustable  indicators,  or  removable  elements  (such 
as  detachable  parts  of  the  manhole  assembly)  to  which 
indicators  are  attached,  should  be  sealed  in  position  with 
lead-and-wire  seals.  (Specification  S.10.3.)  The  report  on 
the  calibration  should  be  prepared  to  identify  fully  the 
vehicle  tank  in  question  and  each  compartment  thereof, 
and,  among  the  other  pertinent  data,  should  include  for 
each  compartment  its  capacity,  the  capacity  of  its  delivery 
line,  and  the  distance  of  the  bottom  of  its  indicator  from 
the  reference  point  selected ;  this  reference  point  should 
be  clearly  defined  in  the  report. 

The  last  operation  before  the  vehicle  tank  leaves  the 
testing  station  should  be  removal  of  the  ground  connec¬ 
tion. 

With  one  exception,  the  operations  specified  above  for 
the  verification  of  a  prior  calibration  are  essentially  dupli¬ 
cated  for  a  calibration  designed  to  fix  the  positions  of 
compartment  indicators  to  conform  to  a  series  of  desired 
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compartment  capacities.  The  exception  is  that  instead  of 
introducing  water  into  a  compartment  until  the  liquid 
surface  is  in  coincidence  with  the  bottom  of  an  indicator 
already  positioned,  water  to  the  desired  amount  is  intro¬ 
duced  into  the  compartment  and  the  indicator  is  then 
positioned  so  that  its  bottom  is  just  in  contact  with  the 
liquid  surface. 

When  vehicle-tank  compartments  are  calibrated  with 
mobile  equipment,  the  effort  should  be  to  duplicate  as 
nearly  as  practicable  the  procedure  that  has  been  out¬ 
lined  for  calibrations  conducted  at  a  testing  station.  The 
first  operation  should  be  the  establishment  of  metallic 
connections  between  the  vehicle  tank  and  the  ground  and 
between  the  testing  apparatus  and  the  ground.  During 
a  calibration  the  vehicle  tank  and  the  standards  should 
not  be  exposed  to  the  sun,  so  that  excessive  changes  in 
the  temperature  of  the  vehicle  tank  and  of  the  standards 
(causing  changes  in  capacity)  and  of  the  testing  medium 
(causing  changes  in  volume)  may  be  avoided. 

If  a  graduated  standard  is  not  available — such  a  stand¬ 
ard  is  strongly  recommended — the  measurement  of  the 
final  increment  of  water  added  to  a  compartment  will— 
except  in  the  accidental  case — require  the  use  one  or 
more  times  of  small-denomination  field  standards.  To 
take  a  simple  example,  assume  that  the  actual  capacity 
of  a  compartment  is  280  gallons,  and  that  provers  of 
100-gallon  and  50-gallon  capacities  (plus  small  field 
standards)  are  available.  Obviously,  the  first  three  incre¬ 
ments  run  into  the  compartment  are  100,  100,  and  50 
gallons.  The  remainder  of  the  required  water  would  then 
be  added  to  the  compartment  from  field  standards,  the 
5-gallon  standard  being  used  until  the  use  of  smaller 
standards  becomes  necessary.  Or,  the  50-gallon  prover 
could  be  refilled,  and  from  it  water  could  be  run  into  the 
compartment  to  the  desired  amount.  The  amount  of  this 
last  increment  would  then  be  determined  by  measuring 
out  from  the  prover  the  water  that  remains  in  it  or  by 
measuring  into  the  prover  the  amount  of  water  required 
to  refill  it.  By  the  first  method  the  amount  of  the  final 
increment  added  to  the  compartment  would  be  50-gallons 
minus  the  amount  withdrawn  from  the  prover.  By  the 
second  method  the  amount  of  the  final  increment  added 
to  the  compartment  would  be  the  amount  added  to  the 
prover. 
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If  a  vehicle  tank  is  not  equipped  with  emergency  valves, 
the  procedure  for  its  calibration  will  differ  only  slightly 
from  that  already  outlined.  The  preliminary  introduction 
into  each  compartment  of  10  gallons  or  so  of  water  will 
be  made,  after  which  each  compartment  will  be  drained 
through  its  delivery  faucet  and  the  water  so  withdrawn 
will  be  discarded.  Each  compartment  will  then  be  in¬ 
spected  for  possible  trapping  of  liquid.  Following  this, 
the  actual  calibration  is  begun.  To  avoid  any  trapping 
of  air  in  the  delivery  line  from  the  compartment  and 
insure  its  complete  filling  with  water,  the  first  5  gallons 
or  so  of  water  should  be  run  into  the  compartment  slowly. 
An  alternative  method  of  insuring  a  filled  delivery  line 
is  to  make  a  normal,  full-speed  delivery  of  water  to  the 
compartment,  but  after  a  considerable  amount  of  water 
has  been  introduced,  to  draw  off  about  5  gallons  through 
the  delivery  faucet  and  then  pour  the  liquid  so  withdrawn 
into  the  compartment.  From  this  point  on,  any  instruc¬ 
tions  for  operations  involving  emergency  valves  are 
simply  to  be  disregarded. 

Testing  Procedure — Meter  Testing. — As  has  been  em¬ 
phasized  before,  for  meter  testing  the  testing  medium 
should  be  liquid  of  the  same  kind  as  will  be  measured 
by  the  meter  in  commercial  service.  When  the  vehicle 
tank  is  presented  for  the  test  of  its  meter  or  meters,  it 
should  contain  a  supply  of  the  appropriate  liquid  to  be 
used  in  making  the  test.  For  a  gravity-meter  installation, 
the  largest  compartment  of  the  vehicle  tank  should  be 
filled  (to  the  indicator,  if  one  is  provided)  with  liquid, 
and  at  least  enough  other  compartments  to  provide  a 
combined  capacity  nearly  equal  to  the  capacity  of  the 
largest  compartment,  should  be  empty.  For  a  pump-oper¬ 
ated-meter  installation,  the  vehicle  tank  should  contain 
an  amount  of  liquid  at  least  25  gallons  in  excess  of  the 
capacity  of  the  prover  which  will  be  used  in  the  test. 

The  testing  procedure  for  a  meter  is  the  same  whether 
the  test  is  made  at  a  testing  station  or  elsewhere. 

The  general  procedure  for  a  meter  test  is  the  same  for 
gravity  meters  and  for  pump-operated  meters.  Whether 
or  not  gasoline  is  being  used  as  a  testing  medium,  it  is 
advisable  that  provers  and  vehicle  tank  be  grounded  as 
the  first  step  in  the  procedure.  For  purposes  of  the 
owner’s  accounting,  a  record  should  be  made  of  the  read¬ 
ing  of  the  totalizing  register  on  the  meter  before  any 
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liquid  is  discharged ;  a  similar  record  should  be  made  at 
the  conclusion  of  the  test  and  these  data  should  be  in¬ 
cluded  on  the  official  report.  Enough  liquid  should  be  run 
through  the  meter  into  the  prover  to  insure  (1)  that  the 
meter  and  the  discharge  line  to  the  point  of  the  discharge 
valve  are  filled  with  liquid,  and  (2)  that  the  interior 
walls  of  the  prover  are  thoroughly  wetted  with  liquid. 
The  liquid  in  the  prover  is  then  returned  to  the  vehicle 
tank,  the  standard  procedure  for  draining  the  prover, 
including  the  standard  drainage  period,  being  followed.20 
The  “individual-sale’’  register  will  be  used  for  the  meter 
readings  throughout  the  test,  and  this  should  be  reset  to 
zero  reading  at  this  point,  as  also  before  each  test  draft 
made  in  the  course  of  the  test.  Actual  testing  operations 
are  then  begun,  the  “normal”  tests  being  run  first,  and 
these  being  followed  by  the  “special”  tests.  Deliveries 
into  the  prover  should  be  made  with  the  least  practicable 
amount  of  slow-down  or  dribble  flow  near  the  conclusion 
of  the  delivery,  so  that  the  test  operation  may  conform 
essentially  to  commercial  operation.  When  a  test  is  sup¬ 
posed  to  be  run  at  a  rate  of  a  specified  number  of  gallons 
per  minute,  such  rate  should  be  closely  approximated.  A 
test  delivery  •  should  be  terminated  at  a  precise  meter 
reading  of  some  whole  gallon  and  at  a  time  when  the 
amount  of  liquid  in  the  prover  is  such  that  the  liquid 
will  level-off  somewhere  in  the  graduated  portion  of  the 
prover  neck;  ordinary  practice  should  be  to  terminate  a 
delivery  at  a  meter  reading  corresponding  with  the  nor¬ 
mal  capacity  of  the  prover.  Errors  are  read  directly  from 
the  graduations  on  the  prover  neck.  Duplicate  observa¬ 
tions  under  each  test  condition  are  recommended. 

For  a  gravity  meter  the  regular  series  of  test  condi¬ 
tions  is  as  follows:  (1)  Delivery  from  the  largest  com¬ 
partment,  the  delivery  being  started  with  the  compart¬ 
ment  full  of  liquid,  and  being  made  with  a  wide-open 
discharge  valve.  “Normal”  tolerances  apply.  (2)  Delivery 
from  a  compartment  containing  only  a  few  gallons  (5 
gallons  is  suggested)  more  than  the  nominal  prover  ca¬ 
pacity,  the  delivery  being  made  with  a  wide-open  dis¬ 
charge  valve.  “Normal”  tolerances  apply.  (3)  (Optional.) 
Delivery  from  a  filled  compartment  at  a  slow  rate  con¬ 
forming  to  the  limitations  of  paragraph  N.2.1.  of  the 
code,  the  delivery  being  made  with  a  partially-opened 

20  See  pp.  123-124. 
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discharge  valve.  “Special”  tolerances  apply.  (4)  Total 
delivery  from  a  compartment  containing  at  least  10  gal¬ 
lons  less  than  the  nominal  prover  capacity,  then  a  switch¬ 
over  to  a  compartment  containing  more  than  enough 
liquid  to  complete  the  test  draft,  both  deliveries  being 
made  with  a  wide-open  discharge  valve,  and  the  line 
valve  from  the  first  compartment  being  left  open  (if  the 
construction  permits  this)  until  the  delivery  of  the  full 
amount  of  the  test  draft  is  completed.  “Special”  toler¬ 
ances  apply. 

For  a  pump-operated  meter  the  regular  series  of  test 
conditions  is  as  follows:  (1)  Delivery  at  the  maximum 
rate  permitted  by  the  installation,  made  with  a  wide- 
open  discharge  valve.  (But  see  the  discussion  of  maxi¬ 
mum  rate  on  page  — .)  “Normal”  tolerances  apply.  (2) 
Delivery  at  a  slow  rate  conforming  to  the  limitations  of 
paragraph  N.2.1.  of  the  code,  made  with  a  partially- 
opened  discharge  valve.  “Special”  tolerances  apply.  (3) 
Deliveries  to  demonstrate  the  effective  performance  of 
the  air  eliminator  and  line  valves,  as  dictated  by  the  con¬ 
struction.  “Special”  tolerances  apply. 

If  a  meter  is  equipped  with  a  ticket-printing  attach¬ 
ment,  tickets  should  be  printed  on  several  deliveries  to 
verify  agreement  between  the  indicated  and  printed 
amounts  and  to  check  the  recorded  representations  under 
general  specification  G-S.5. 

Testing  Outlines 

(For  tests  of  vehicle-tank  compartments  and  meters  by  weights 

and  measures  officials.) 

Case  I. — Calibration  at  a  testing  station,  with  water,  of 
the  compartments  of  a  previously  calibrated 
vehicle  tank  equipped  with  emergency 
valves :  21 

1.  Spot  the  vehicle  tank  in  position  to  receive  the 

delivery  from  the  standards  into  its  forward 
compartment. 

2.  Attach  the  ground  connection  to  vehicle  tank. 

3.  Open  fill  caps  and  emergency  valves  of  all  com¬ 

partments. 

21  Necessary  modifications  of  this  outline  to  adapt  it  to  tests  made  in  the  field 
with  portable  testing  apparatus  should  be  apparent.  Necessary  modifications  for 
a  calibration  made  for  the  purpose  of  initially  establishing  the  positions  of  com¬ 
partment  indicators  should  be  apparent ;  this  situation  is  discussed  briefly  on 
pages  188-189.  Necessary  modifications  for  a  vehicle  tank  not  equipped  with  emer¬ 
gency  valves  are  discussed  on  page  190. 
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4.  For  each  compartment,  use  the  utility  hose  line 

to  wet  the  inside  walls  and  add  about  10  gal¬ 
lons  of  water. 

5.  From  each  compartment  withdraw  and  discard 

several  gallons  of  water. 

6.  Close  all  emergency  valves. 

7.  Using  small  field  standards,  separately  drain, 

measure,  and  record  the  contents  of  the  de¬ 
livery  line  from  each  compartment.  Allow 
enough  time  for  the  complete  drainage  of  each 
line. 

8.  Open  all  emergency  valves  and  drain  and  dis¬ 

card  the  water  from  each  compartment. 

9.  Close  all  emergency  valves. 

10.  Inspect  each  compartment  for  pockets  of  liquid. 

(Use  only  a  safety  torch  for  illumination.)  If 
compartments  do  not  drain  completely,  the 
vehicle  tank  may  be  rejected  until  this  condi¬ 
tion  is  corrected. 

11.  Deliver  measured  water  into  the  forward  com¬ 

partment  from  the  standards  until  the  liquid 
surface  just  touches  the  bottom  of  the  indi¬ 
cator. 

12.  Open  the  delivery  faucet  from  the  compartment 

being  calibrated,  and  recover,  measure,  and 
correct  for  any  water  which  may  have  leaked 
through  the  emergency  valve.  (A  leaking 
emergency  valve  should  be  repaired  or  re¬ 
newed.) 

13.  Measure  to  the  nearest  y16  inch,  and  record,  the 

vertical  distance  from  the  bottom  of  the  in¬ 
dicator  upward  to  some  permanent  definable 
point. 

14.  Add  measured  water  to  raise  the  liquid  level  *4 

inch.  One-sixth  of  the  amount  so  added  should 
not  exceed  the  tolerance  “on  first  test”  for  a 
compartment  of  the  capacity  of  the  one  being 
calibrated. 

15.  Add  measured  water  to  fill  the  compartment 

completely.  To  the  figure  for  the  amount  so 
added,  add  the  figure  for  the  amount  added 
in  step  14;  the  sum  should  be  at  least  0.75 
percent  of  the  capacity  of  the  compartment  to 
the  bottom  of  the  indicator. 
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16.  Inspect  the  compartment  next  toward  the  rear 

for  possible  leakage  from  the  forward  com¬ 
partment. 

17.  Leave  the  water  in  the  forward  compartment, 

advance  the  vehicle,  if  necessary,  to  permit 
delivery  from  the  standards  into  the  next  com¬ 
partment  toward  the  rear,  and  calibrate  this 
by  repeating  for  it  steps  11  through  16. 

18.  As  in  step  17,  calibrate  each  of  the  remaining 

compartments. 

19.  Note  the  liquid  level  in  each  compartment  to 

the  rear  of  the  forward  compartment,  then 
dump  the  contents  of  the  forward  compart¬ 
ment.  Again  note  the  liquid  level  in  the  filled 
compartments  to  check  on  the  possibility  of 
springing  bulkheads.  Repeat  this  operation  as 
the  compartments  are  successively  emptied. 

20.  Apply  lead-and-wire  security  seals  to  any  ad¬ 

justable  indicators  or  removable  elements  to 
which  indicators  may  be  attached. 

21.  Remove  the  ground  connection  from  the  vehicle 

tank. 

Case  II. — Testing  of  a  gravity,  vehicle-tank  meter. 

Note. — The  vehicle  tank  on  which  the  meter  is  installed  must  be  presented 
with  its  largest  compartment  filled  (to  the  indicator,  if  one  is  provided)  with 
the  appropriate  testing  medium,  and  with  at  least  one  compartment  empty. 

1.  Attach  the  ground  connection  to  the  vehicle  tank. 

2.  Read  and  record  the  indication  of  the  totalizing 

register  on  the  meter. 

3.  Deliver  from  the  filled  compartment  (referred 

to  hereafter  as  “compartment  No.  1”)  through 
the  meter  into  the  prover  enough  liquid  to 
wet  thoroughly  the  inside  walls  of  the  prover. 

4.  Pump  the  contents  of  the  prover  back  into  com¬ 

partment  No.  1,  adhering  to  the  standard 
prover-drainage  procedure. 

5.  Reset  the  individual  register  of  the  meter  to 

zero  reading. 

6.  Deliver  from  compartment  No.  1  through  the 

meter  into  the  prover,  with  wide-open  dis¬ 
charge  valve,  until  the  meter  registers  pre¬ 
cisely  a  delivery  equal  to  the  nominal  capacity 
of  the  prover.  Read  the  error  from  the  gradu¬ 
ations  on  the  prover  neck.  “Normal”  toler¬ 
ances  apply. 


Vehicle  Tanks 


195 


7.  As  a  check,  repeat  steps  4,  5,  and  6,  except  that 

in  step  4,  first  pump  about  5  gallons  of  liquid 
into  an  empty  compartment  (hereafter  re¬ 
ferred  to  as  “compartment  No.  2”)  that  has 
a  capacity  equal  to  at  least  prover  capacity 
plus  5  gallons. 

8.  Pump  the  contents  of  the  prover  into  compart¬ 

ment  No.  2,  observing  standard  prover-drain- 
age  procedure,  and  repeat  step  5. 

9.  Repeat  step  6,  except  that  the  delivery  is  made 

from  compartment  No.  2.  “Normal”  tolerances 
apply. 

10.  As  a  check,  repeat  steps  8  and  9.  (Go  to  step  15 

if  steps  12  and  14  are  omitted.) 

11.  Pump  the  contents  of  the  prover  into  compart¬ 

ment  No.  1,  observing  standard  prover-drain- 
age  procedure,  and  repeat  step  5. 

12.  Optional.  Deliver  from  compartment  No.  1 

through  the  meter  into  the  prover,  with  a 
partially-opened  discharge  valve,  the  delivery 
rate  conforming  to  the  limitations  of  code 
paragraph  N.2.1.  Terminate  the  delivery  when 
the  meter  registers  precisely  an  amount  equal 
to  the  nominal  capacity  of  the  prover.  Read 
the  error  as  before.  “Special”  tolerances  ap¬ 
ply.  (Go  to  step  15  if  step  14  is  omitted.) 

13.  Repeat  step  11. 

14.  Optional.  As  a  check,  repeat  step  12. 

15.  Pump  about  half  of  the  contents  of  the  prover 

into  compartment  No.  2  and  the  remainder 
into  compartment  No.  1,  observing  standard 
prover-drainage  procedure,  and  repeat  step  5. 

16.  Deliver  through  the  meter  into  the  prover,  with 

wide-open  discharge  valve,  the  entire  contents 
of  compartment  No.  2,  then  switch-over  to  de¬ 
liver  from  compartment  No.  1.  If  the  construc¬ 
tion  permits,  leave  the  line  valve  from  com¬ 
partment  No.  2  open  while  delivering  from 
compartment  No.  1.  Terminate  the  delivery 
when  the  meter  registers  precisely  an  amount 
equal  to  the  nominal  capacity  of  the  prover. 
Read  the  error  as  before.  “Special”  tolerances 
apply. 

17.  Optional.  As  a  check,  repeat  steps  15  and  16. 
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18.  Pump  the  contents  of  the  prover  back  into  the 

vehicle  tank. 

19.  If  the  meter  is  equipped  with  a  ticket-printer, 

print  tickets  for  several  of  the  test  drafts  in 
the  course  of  the  test,  verify  agreement  be¬ 
tween  indicated  and  printed  amounts,  and 
check  recorded  representations  under  general 
specification  G-S.5. 

20.  Repeat  step  2. 

21.  If  the  meter  is  approved,  affix  lead-and-wire  se¬ 

curity  seals  to  protect  all  adjustable  elements 
affecting  measurement. 

22.  Remove  the  ground  connection  from  the  vehicle 

tank. 

Case  III. — Testing  of  a  pump-operated,  vehicle-tank  me¬ 
ter  : 

Note. — The  vehicle  tank  on  which  the  meter  is  installed  must  be  presented 
with  an  adequate  supply  of  the  appropriate  testing  medium  in  one  compart¬ 
ment  (referred  to  hereafter  as  “compartment  No.  1’’)  and  with  at  least  one 
compartment  empty. 

1.  Attach  the  ground  connection  to  the  vehicle  tank. 

2.  Read  and  record  the  indication  of  the  totalizing 

register  on  the  meter. 

3.  Deliver  from  the  filled  compartment  through  the 

meter  into  the  prover  enough  liquid  to  wet 
thoroughly  the  inside  walls  of  the  prover. 

4.  Pump  the  contents  of  the  prover  back  into  com¬ 

partment  No.  1,  adhering  to  the  standard 
prover-drainage  procedure. 

5.  Reset  the  individual  register  of  the  meter  to  zero 

reading. 

6.  Deliver  from  compartment  No.  1  through  the 

meter  into  the  prover,  with  wide-open  dis¬ 
charge  valve,  until  the  meter  registers  pre¬ 
cisely  a  delivery  equal  to  the  nominal  capacity 
of  the  prover.  Read  the  error  from  the  gradu¬ 
ations  on  the  prover  neck.  “Normal”  toler¬ 
ances  apply. 

7.  As  a  check,  repeat  steps  4,  5,  and  6. 

8.  Repeat  step  4. 

9.  Deliver  from  compartment  No.  1,  through  the 

meter  into  the  prover,  with  a  partially-opened 
discharge  valve,  the  delivery  rate  conform¬ 
ing  to  the  limitations  of  code  paragraph  N.2.1. 
Terminate  the  delivery  when  the  meter  reg- 


Vehicle  Tanks 


197 


isters  precisely  an  amount  equal  to  the  nom¬ 
inal  capacity  of  the  prover.  Read  the  error  as 
before.  “Special”  tolerances  apply. 

10.  As  a  check,  repeat  steps  4  and  9. 

11.  Repeat  step  4. 

12.  As  dictated  by  the  character  of  the  installation, 

make  such  additional  tests  as  are  considered 
appropriate  to  demonstrate  the  effective  per¬ 
formance  of  the  air  eliminator  and  line  valves, 
observing  the  general  procedure  and  precau¬ 
tions  specified  for  other  steps  in  this  outline. 
“Special”  tolerances  apply. 

13.  Pump  the  contents  of  the  prover  back  into  the 

vehicle  tank. 

14.  If  the  meter  is  equipped  with  a  ticket  printer, 

print  tickets  for  several  of  the  test  drafts  in 
the  course  of  the  test,  verify  agreement  be¬ 
tween  indicated  and  printed  amounts,  and 
check  recorded  representations  under  general 
specification  G-S.5. 

15.  Repeat  step  2. 

16.  If  the  meter  is  approved,  affix  lead-and-wire  se¬ 

curity  seals  to  protect  all  adjustable  elements 
affecting  measurement. 

17.  Remove  the  ground  connection  from  the  vehicle 

tank. 
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Chapter  16.— DRY  MEASURES 

The  use  of  dry  measures  is  prohibited  by  law  in  some 
jurisdictions.  The  sale  of  dry  commodities  by  weight,  and 
the  determination  by  weighing  of  amounts  of  dry  com¬ 
modities  when  these  amounts  are  expressed  in  units  of 
dry  measure,  have  become  so  nearly  universal  that  even 
in  jurisdictions  which  have  not  specifically  barred  the  use 
of  dry  measures  the  commercial  use  of  such  measures  is 
believed  to  be  comparatively  rare.  For  completeness,  how¬ 
ever,  there  is  presented  here  a  brief  discussion  on  dry 
measures. 

Description. — Dry  measures  made  of  wood  and  bound 
with  metal  were  formerly  common  in  sizes  of  1  peck  and 
smaller ;  later  these  were  largely  superseded  by  measures 
made  entirely  of  metal.  Baskets  were  commonly  employed 
for  measures  of  ^-bushel  and  1-bushel  capacity.  In  shape, 
measures  other  than  baskets  are  usually  cylindrical,  al¬ 
though  measures  in  the  general  form  of  a  truncated 
cone — that  is,  with  the  top  diameter  greater  than  the 
bottom  diameter — are  also  manufactured.  The  capacity 
of  a  dry  measure  is  defined  by  the  top  edge  of  the  meas¬ 
ure. 

Inspection. — Dry  measures  should  be  individually  in¬ 
spected  (and  tested).  General  specifications  G-S.l., 
G-S.2,,  G-S.3.,  and  G-S.6.,  general  regulation  G-R.2.,  and 
the  specifications  of  the  code  for  dry  measures,  apply. 

Testing  Apparatus. — Dry  measures  of  small  capacity 
are  usually  watertight  in  construction  and  can  conven¬ 
iently  be  tested  with  water.  For  this  purpose  slicker- 
plate,  metal,  dry-measure  standards,  supplemented  by 
graduates  graduated  in  cubic  inches  should  be  available. 
A  35-cubic-inch,  cylindrical  graduate  having  1-cubic-inch 
subdivisions,  and  a  5-cubic-inch,  cylindrical  graduate  hav¬ 
ing  subdivisions  of  0.1  cubic  inch  are  recommended. 

For  the  larger  sizes  of  dry  measures,  clean  rape  seed 
is  recommended  as  the  testing  medium,  to  be  used  with 
a  testing  hopper,  such  as  is  illustrated  in  figure  18,  when¬ 
ever  the  testing  is  performed  in  the  weights  and  measures 
office.  Suitable  metal,  dry-measure  standards  are  also  re¬ 
quired. 

A  testing  method  which  is  less  precise  than  the  volu- 
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metric  method  is  to  measure  the  dimensions  and  compute 
the  capacity  of  the  measure  under  test.  For  this  purpose 
a  12-inch  steel  scale  graduated  in  0.02-inch  subdivisions, 
and  an  inside  caliper,  are  recommended. 

Testing  Procedure. — When  water  is  used  as  the  testing 
medium  the  general  procedure  is  the  same  as  has  been 
outlined  in  chapter  8  for  the  testing  of  liquid  measures, 
and  need  not  be  repeated  here.  Measured  water  is  trans¬ 
ferred  from  the  standard  to  the  measure  under  test,  and 
the  standard  should  be  suitably  drained. 

Rape  seed  may  be  used  satisfactorily  as  a  testing  me¬ 
dium  for  all  except  the  very  small  measures.  The  seed 
should  be  poured  into  the  standard  and  into  the  measure 
under  test  from  the  same  height,  in  order  to  establish  the 
same  “packing”  effect  in  each  case;  this  is  readily  ac¬ 
complished  when  the  testing  hopper,  which  is  equipped 
with  a  gate  at  the  bottom  of  the  hopper  and  which  is 
adjustable  for  height,  is  used.  (See  fig.  18.)  A  slight 
excess  of  seed  is  placed  in  the  hopper,  the  seed  is  then 


Figure  18.  Testing  hopper  for  dry  measures. 
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run  into  the  standard,  and  the  heaped-up  excess  of  seed 
in  the  standard  is  then  struck-off  by  means  of  a  beveled 
striking  stick.  The  standard  is  set  aside,  the  seed  struck- 
off  is  returned  to  supply,  the  seed  in  the  standard  is  re¬ 
turned  to  the  hopper,  and  the  previous  operation  is  re¬ 
peated  as  a  check.  The  measured  seed  is  again  returned 
to  the  hopper,  from  which  it  is  then  run  into  the  measure 
under  test.  Any  excess  of  seed  over  that  required  to  fill 
the  measure  level  full  is  struck-off  and  measured  in  the 
graduate,  and  this  amount  represents  the  error  “in  de¬ 
ficiency”  ;  if  the  measure  is  not  filled,  enough  seed  is 
added  from  a  graduate  to  fill  the  measure  level  full,  and 
this  amount  represents  the  error  “in  excess”.  When  using 
rape  seed  an  important  precaution  is  to  avoid  shaking  or 
jarring  the  standard  or  the  measure  while  seed  is  being 
run  in  or  while  an  error  determination  is  being  made; 
any  such  shaking  or  jarring  will  cause  the  seed  to  settle 
and  will  invalidate  the  results. 

The  capacity  of  a  dry  measure  which  is  of  cylindrical 
or  conical  form  and  which  has  a  flat  bottom  may  be  de¬ 
termined  by  linear  measurement  and  computation.  (This 
method  should  not  be  used  on  a  measure  which  is  warped 
or  otherwise  distorted.)  For  a  cylindrical  measure  the 
inside  diameter  and  height  are  measured.  It  is  recom¬ 
mended  that  the  inside  calipers  be  used  when  measuring 
diameters,  three  equally  spaced  diameters  being  measured 
at  the  top  and  at  the  bottom,  and  these  six  values  being 
averaged.  The  height  is  measured  by  applying  a  straight¬ 
edge  across  the  top  of  the  measure,  measuring  the  vertical 
height  at  the  center  and  at  not  less  than  two  points  near 
the  walls,  and  averaging  the  results.  It  is  recommended 
that  all  of  these  linear  measurements  be  made  to  the 
nearest  0.02  inch.  The  area  in  square  inches  of  a  cross 
section  can  then  be  derived  from  a  table  of  areas  of 
circles,  or  can  be  computed  from  the  formula 

,  3.1416  (ZF) 

A_  j  , 

where  A  equals  the  area,  and  D  equals  the  average  diam¬ 
eter  expressed  in  inches.  This  result  multiplied  by  the 
height  in  inches  will  give  the  capacity  of  the  measure  in 
cubic  inches.  This  result  can  be  reduced  to  terms  of  dry- 
measure  units  by  comparing  it  with  the  number  of  cubic 
inches  equivalent  to  the  nominal  dry-measure  size  of  the 
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measure.  (1  bushel=2150.42  cubic  inches.)  The  entire 
computation  required  to  determine  the  cubic-inch  capac¬ 
ity  of  the  measure  can  be  made  from  the  following  for¬ 
mula 

C=0.7854x£>X£>X#, 

where 

C  =capacity  in  cubic  inches. 

Z)=average  inside  diameter  in  inches. 

H—Siversige  vertical  inside  height  in  inches. 

For  a  conical  measure  in  which  the  top  diameter  is  not 
more  than  30  percent  greater  than  its  bottom  diameter, 
a  sufficiently  close  approximation  (accurate  to  1  percent 
or  better)  of  the  capacity  can  be  arrived  at  by  following 
a  procedure  identical  with  that  prescribed  in  the  preced¬ 
ing  paragraph.  The  average  diameter  derived  will  be  the 
average  diameter  of  a  mid-section  of  the  measure;  in 
establishing  this  figure  it  is  essential  that  the  average 
be  computed  from  the  same  number  of  measured  diam¬ 
eters  at  the  top  and  at  the  bottom.22 

The  testing  procedures  for  dry  measures  are  so  simple 
that  no  “testing  outline”  need  be  presented. 

References 

In  National  Bureau  of  Standards  Miscellaneous  Publication  Mil, 
Report  of  the  Eighth  National  Conference  on  Weights  and  Meas¬ 
ures,  1913,  a  portion  of  the  paper  beginning  on  page  181  is  de¬ 
voted  to  dry  measures. 

In  U.  S.  Department  of  Agriculture  Miscellaneous  Publication 
No.  75  “Method  of  Testing  the  Capacity  of  Fruit  and  Vegetable 
Containers  under  the  United  States  Standard  Container  Acts”, 
May,  1930,  the  use  of  a  testing  hopper  is  illustrated  and  discussed 
in  considerable  detail. 

22  The  exact  formula  for  computing  the  capacity  of  a  conical  measure  is 
C=0.2618X  Wt-+  (DtXDb)  +  Db-]XH, 

where 

C  —capacity  in  cubic  inches. 

Dt—  average  inside  top  diameter  in  inches. 

Db  —  average  inside  bottom  diameter  in  inches. 

H  ^average  inside  vertical  height  in  inches. 
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Chapter  17.— BERRY  BASKETS  AND  BOXES 

Description. — Berry  baskets  and  boxes  are  single-serv¬ 
ice  measures,  made  in  sizes  of  1  quart,  1  pint,  and  Vo  pint, 
dry  measure,  and  may  be  constructed  of  wood  veneer, 
paperboard,  or  plastic.  In  shape  they  are  square  or  oblong 
in  cross-section,  with  either  vertical  or  sloping  sides. 
Boxes  with  vertical  sides  and  raised  bottoms  were  for¬ 
merly  widely  used,  but  these  have  largely  been  displaced 
by  the  box  of  square  cross-section  having  sloping  sides 
and  flush  bottom.  Plastic  boxes  are  a  recent  development, 
and  as  now  being  made  they  are  of  lattice,  or  open  mesh, 
construction.  Paperboard  boxes  may  have  ventilating 
holes  in  their  sides. 

Inspection. — Berry  baskets  and  boxes  are  mass-pro¬ 
duced,  and  boxes  of  a  particular  make,  design,  and  nom¬ 
inal  capacity  are  supposed  to  be  uniform  in  all  respects. 
Inspection  (and  testing)  is  by  sample;  depending  upon 
the  size  of  the  lot  being  examined,  from  4  to  10  boxes 
should  be  inspected.  Boxes  should  be  identified  as  re¬ 
quired  by  general  specification  G-S.l.,  and  should  not  be 
warped  or  otherwise  distorted  from  their  designed  shape. 

Testing  Apparatus. — For  volumetric  testing  with  rape 
seed,  the  1-quart,  1-pint,  and  i/>-pint  standards,  the  5- 
cubic-inch  graduate,  and  a  beveled  stricking  stick,  as 
specified  in  chapter  16  for  the  testing  of  dry  measures, 
are  required.  If  reasonable  care  is  exercised  to  maintain 
a  uniform  fall  of  the  seed  when  filling  the  standard  and 
the  box  under  test,  the  use  of  a  testing  hopper  will  not 
be  necessary,  although  its  use  will  simplify  the  testing 
operations.  For  testing  by  linear  measurement  and  com¬ 
putation,  the  steel  scale  and  inside  caliper  previously 
specified  for  testing  dry  measures  will  be  used. 

Testing  Procedure. — If  a  berry  box  has  any  openings 
around  sides  or  bottom,  they  must  be  closed  off  before 
volumetric  testing  can  take  place ;  for  this  purpose, 
gummed  paper  strips  may  be  applied  to  the  outside  of  the 
box.  The  testing  procedure  when  using  rape  seed  as  the 
testing  medium  is  the  same  as  has  already  been  outlined 
in  chapter  16  for  dry  measures. 

When  testing  bv  linear  measurement  and  computation, 
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the  average  inside  length,  in  inches,  of  each  side  at  the 
bottom  and  at  the  top  of  the  box  is  determined  from  at 
least  two  measurements  each,  taken  i/2  inch  or  so  inward 
from  the  corners.  From  at  least  three  measurements,  one 
taken  at  the  center  and  the  others  taken  near  opposite 
sides,  the  average  inside  vertical  height,  in  inches,  is 
determined.  These  measurements  should  be  made  to  the 
nearest  0.02  inch.  The  square-inch  area  of  the  bottom  of 
the  box  and  at  the  top  of  the  box  are  computed  by  multi¬ 
plying  together  the  average  lengths  of  their  two  sides. 
These  two  areas  are  added  and  the  sum  divided  by  2  to 
arrive  at  the  average  cross-sectional  area.  This  average 
figure  is  multiplied  by  the  average  height  of  the  box,  and 
the  result  will  be  a  sufficiently  accurate  figure  for  the 
capacity  of  the  box  in  cubic  inches.2,5 

The  testing  procedures  for  berry  baskets  and  boxes  are 
so  simple  that  no  “testing  outline”  need  be  presented. 

23  The  exact  formula  for  computing  the  capacity  of  a  rectangular  box  with 
sloping  sides  is 

C=l/3  HX  [At+y/AtXAb+Ab], 

where 

C  ^capacity  in  cubic  inches. 

H  =average  inside  vertical  height  in  inches. 

A/=area  at  top  in  square  inches. 

Ah  — area  at  bottom  in  square  inches. 


Chapter  18.— WATER,  GAS,  AND  ELECTRICITY 

METERS 

The  number  of  jurisdictions  in  which  the  weights  and 
measures  officials  test  water,  gas,  or  electricity  meters  is 
negligible.  Such  testing  is  ordinarily  under  the  general 
supervision  of  State’  public  utility  commissions,  public 
service  commissions,  and  similar  governmental  agencies ; 
routine  testing  is  usually  carried  on  by  the  utility  com¬ 
panies  themselves.  In  view  of  this  situation  it  appears  to 
be  unnecessary  to  enter  into  any  discussion  in  this  Hand¬ 
book  on  the  testing  of  utility  meters.  However,  as  a  mat¬ 
ter  of  assistance  to  those  weights  and  measures  officials 
who  may  wish  to  learn  something  about  the  testing  of 
water,  gas,  and  electricity  meters,  either  as  general  in¬ 
formation  or  because  they  contemplate  the  possibility  of 
undertaking  the  testing  of  one  or  more  of  the  three  classes 
of  utility  meters,  references  are  given  below  to  sources 
from  which  information  on  this  subject  can  be  obtained. 

Water  Meters. — In  the  Report  of  the  8th  National  Con¬ 
ference  on  Weights  and  Measures,  NBS  Miscellaneous 
Publication  Mil,  1913,  pages  118  to  123,  inclusive,  there 
will  be  found  a  paper  on  the  testing  of  water  meters. 

The  '‘Standard  Specifications  for  Cold  Water  Meters — 
Disc  Type”,  as  adopted  by  the  American  and  the  New 
England  Water  Works  Associations,  includes  a  discus¬ 
sion  on  the  testing  of  water  meters.  Copies  may  be  ob¬ 
tained  from  the  American  Water  Works  Association,  500 
Fifth  Avenue,  New  York  18,  N.  Y. 

Dry  Gas  Meters. — In  the  Report  of  the  8th  National 
Conference  on  Weights  and  Measures,  NBS  Miscellane¬ 
ous  Publication  Mil,  1913,  pages  90  to  105,  inclusive, 
there  will  be  found  a  paper  on  the  testing  of  dry  gas 
meters.  In  the  Report  of  the  35th  National  Conference  on 
Weights  and  Measures,  NBS  Miscellaneous  Publication 
199,  1950,  pages  159  to  162,  inclusive,  there  will  be  found 
a  paper  descriptive  of  vapor  meters.  In  NBS  Circular 
C309,  “Gas  Measuring  Instruments”,  1926,  there  is  in¬ 
cluded  a  section  on  the  testing  of  dry  gas  meters. 

Manufacturers  of  dry  gas  meters  are  known  to  have 
issued  some  literature  descriptive  of  the  household  type 
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of  g as  meter  (dry  gas  meter)  and  apparatus  for  the  test¬ 
ing  of  these  meters.  Such  literature  may  be  obtained,  on 
a  free  or  purchase  basis,  from  such  manufacturers. 

Electricity  Meters. — In  the  Report  of  the  10th  National 
Conference  on  Weights  and  Measures,  NBS  Miscellaneous 
Publication  M13,  1915,  pages  52  to  58,  inclusive,  there 
will  be  found  a  paper  on  the  testing  of  electricity  meters. 

Specifications  for  the  performance  of  electricity  meters 
are  given  in  ASA  Standard  C12  “Code  for  Electricity 
Meters”,  1941,  as  amended  by  Standard  C12a,  1947. 
Copies  of  this  may  be  obtained  from  the  American  Stand¬ 
ards  Association,  70  East  45th  Street,  New  York  17, 
N.  Y. 

Procedures  for  the  testing  of  electricity  meters  will  be 
found  in  the  “Electrical  Metermen’s  Handbook”  published 
by  the  Edison  Electric  Institute,  420  Lexington  Avenue, 
New  York,  N.  Y.  Procurement  is  by  purchase  from  the 
publisher,  and  the  latest  edition  should  be  specified. 

Water,  Gas,  and  Electricity  Meters. — A  discussion  of  a 
State  program  embracing  meters  for  all  three  utilities 
will  be  found  in  the  report  of  the  21st  National  Confer¬ 
ence  on  Weights  and  Measures,  NBS  Miscellaneous  Pub¬ 
lication  M87,  1928,  pages  54  to  60,  inclusive. 
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H28  (1944)  Screw  Threat  Standards  for  Federal  Services  1.00 

H30  National  Electrical  Safety  Code _  1.25 

H31  Safety  Rules  for  the  Installation  and  Maintenance  of 

Electrical  Supply  Stations.  __ -  .10 

H32  Safety  Rules  for  the  Installation  and  Maintenance  of 

Electrical  Supply  and  Communication  Lines _  .75 

H33  Safety  Rules  for  the  Installation  and  Maintenance  of 

Electric  Utilization  Equipments _  .20 

H34  Safety  Rules  for  the  Operation  of  Electric  Equipment 

and  Lines _ _ _ _ _ _ _  .20 

H35  Safety  Rules  for  Radio  Installations _ _ _  .15 

H36  Safety  Rules  for  Electric  Fences _  .15 

H37  Testing  of  Weighing  Equipment _ \__  1.25 

H38  Protection  of  Radium  During  Air  Raids _  .10 

H39  Discussion  of  the  National  Electrical  Safety  Code _  1.00 

H40  Code  for  Protection  Against  Lightning _  .30 

H41  Medical  X-ray  Protection  Up  To  Two  Million  Volts. _  .15 

H42  Safe  Handling  of  Radioactive  Isotopes _  .15 

H43  Installation  and  Maintenance  of  Electric  Supply  and 

Communication  Lines  _  1.75 

H44  Specifications,  Tolerances,  and  Regulations  for  Com¬ 
mercial  Weighing  and  Measuring  Devices _  1.00 

H45  Testing  of  Measuring  Equipment _  1.25 

H46  Code  for  Protection  Against  Lightning _  * 

*  In  Press. 
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